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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Group Art Unit: 1643 
Examiner: L. Cook 

Arty. Dkt. No.: UVMO:003/SLH 



In re Application of: 

Robert Michael ROBERTS Ex 
Jonathan Andrew GREEN and 
Sancai XIE 

Serial No.: 09/273,164 

Filed: March 19, 1999 

For: COMPOSITIONS AND METHODS FOR 
EARLY PREGNANCY DIAGNOSIS 



BRIEF ON APPEAL 

BOX AF 

Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

This brief is filed (in triplicate) in response to the Final Office Action mailed on January 
2, 2002. The Notice of Appeal was mailed in the case on April 2, 2002. The date for filing the 
instant Brief is August 16, 2002, based on the receipt of the Notice of Appeal by the Patent and 
Trademark Office on April 16, 2002 and the Petition for Extension of Time of two-months 
below. The fees for the brief and the extension of time are enclosed. Please date stamp and 
return the attached postcard as evidence of receipt. 

PETITION FOR EXTENSION OF TIME 

Pursuant to 37 C.F.R. §1.1 36(a), Appellants petition for an extension of time of two 
months, to and including August 16, 2002, in which to file this Appeal Brief. The fee for the 
extension is enclosed. Should any other fees be due under 37 C.F.R. §1.17, the Commissioner is 



authorized to deduct such fee from or Fulbright & Jaworski Deposit Account No. 50- 
1212/10012519/10056. 



I. REAL PARTIES IN INTEREST 
The real parties in interest are the assignee of the case, The Curators of the University of 
Missouri, and the licensee thereof, Monsanto Company. 

II. RELATED APPEALS AND INTERFERENCES 
There are no interferences or appeals for related cases. 

m. STATUS OF THE CLAIMS 
Claims 1-8, 10-14, 30-34 and 182-183 were pending at the time of the final Office 
Action. Claims 1, 3-9 and 30-34 were finally rejected. However, claim 9 is not pending in the 
case and thus claim 1, 3-8 and 30-34 are the subject of this appeal. An amendment under 37 
C.F.R. §1.1 16 is being filed concurrently herewith. A copy of the appealed claims prior to entry 
of the Amendment under 37 C.F.R. § 1.116 is attached as Appendix 1 and a copy of the claims 
following entry of the Amendment under 37 C.F.R. § 1.1 16 is attached as Appendix 2. 

J 

IV. STATUS OF AMENDMENTS 
No amendments to the claims were entered in the case subsequent to the final Office 
Action and at the time of filing the instant Brief. Claims 12-14 and 182-183 were amended in 
Appellants' Amendment and Response to Final Office Action, but the entry of the amendments 
was refused by the Examiner. An Amendment under 37 C.F.R. § 1.116 is being filed 
concurrently herewith, chcct ' P&per i: j tf-L f 1 '^ SjzQjoA. 



V. SUMMARY OF THE INVENTION 
The invention relates to a method for detecting pregnancy in a bovine animal comprising 
using an antibody that binds immunologically to at least one pregnancy associated antigen 
(PAG) that is present in early pregnancy and absent at about two months post-partum. 
Specification from page 4, line 20 to page 5, line 6. The invention is significant because it 
allows pregnancy detection early and in animals that have been rebred after calving, which 
customarily is done within 2 to 3 months post-partum. Specification from page 3, line 26 to page 
4, line 16. 

VI. ISSUES ON APPEAL 

A. Are claims 1, 3, 5, 6 and 14 anticipated under 35 U.S.C. § 102(b) by Roberts et al. 
(1995)? 

B. Are claims 1, 3, 5, 6 and 13 anticipated under 35 U.S.C. §102(b) by Zoli et al. 
(1992)? 

C. Are claims 4, 7 and 8 obvious under 35 U.S.C. §103(a) over Roberts et al. (1995) 
or Zoli et al. (1992) in view of Sasser et al. (1989)? 

D. Are claims 30-34 obvious under 35 U.S.C. § 1 03(a) over Roberts et al. (1 995) and 
Zoli et al. (1992) in view of Xie et al. (1997) and Gerrie et al. (1986)? 

VII. GROUPING OF THE CLAIMS 
The claims stand or fall together for purposes of the appeal. 
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VIII. SUMMARY OF THE ARGUMENT 
The references cited by the Examiner do not teach all elements of the claims and no 
teachings have been alleged by the Examiner which could support such a conclusion. Claim 1, 
upon which each of the appealed claims directly or indirectly depends, describes a method for 
detecting pregnancy in a bovine animal that comprises use of an antibody that binds 
immunologically to at least one pregnancy associated antigen that is present in early pregnancy 
andCbsent at about two months post-partum^) None of the references cited by the Examiner, 
either alone or in combination, teach pregnancy associated antigens or antibodies thereto that are 
both present early and absent about two months post-partum, as required by the claims. Without 
such a teaching, the claims can neither be anticipated nor rendered obvious. 

Vm. ARGUMENT 
A. The Claims are Not Anticipated by Roberts et al (1995) 

Claims 1, 3, 5, 6 and 14 were finally rejected under 35 U.S.C. § 102(b) as anticipated by 
Roberts et al. (1995) (Exhibit A). The examiner characterizes the reference as teaching 
evaluation of maternal serum concentrations for PAGs, and correlating measurement to 
pregnancy in cattle and sheep. However, Roberts et al. (1995) does not teach PAGs meeting the 
claim limitations. Claim 1, upon which each of the remaining claims depends, reads as follows: 

1 . A method for detecting pregnancy in a bovine animal comprising: 

(a) obtaining a sample from said animal; and 

(b) contacting said sample with an antibody that binds 
immunologically to at least one pregnancy associated antigen 
(PAG), wherein said PAG is present in early pregnancy and absent 
at about two months post-partum; and 
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(c) detecting said PAG bound to said antibody; 

whereby the presence of said PAG in said sample indicates that said 
animal is pregnant. 

Roberts et al, however, does not disclose a PAG that is "present in early pregnancy and absent at 
about two months post-partum". For example, in the last two sentences of the first full paragraph 
on page 233 of Roberts et al, it is indicated that the disclosed PAG, "PAG-1", had an apparent 
long half-life and that "[b]ecause concentrations at term may be well above 1 p,g/ml, it requires 
at lea st 3 mo nths for levels to drop back to threshold values (Fig. 1), and cows are customarily 
bred within 2 to 3 months after calving." Emphasis added. A review of the referenced Fig. 1, 
which is also given in Zoli et al. (1992), demonstrates this same phenomenon, showing that 
mean bPAG levels were above 1 ng/ml at 80 days post-partum. A review of the Zoli et al. 
abstract, indicates that the undetectable level for serum bPAG levels was less than 0.20 ng/ml. It 
is thus evident that Roberts et al does not teach PAGs meeting the claim limitations. 

Based on an earlier telephonic interview in the case, it is believed by Applicants that the 
position of the Examiner relies, at least in part, on the belief that the PAG taught by Roberts et 
al. could potentially be viewed as within the scope of the claims because of the use of the term 
"about tW-Q_months_post : partum". Emphasis added. However, the PAG described by Roberts et 
al. is indicated to be present at least three months post-partum. This cannot be said to be "about 
two months", as this is a figure 50% greater than two months. The term "about" is well known 
to those of skill in the art and does not allow for such a discrepancy. For example, the Encarta™ 
online dictionary (http://dictionary.msn.com), gives the meaning of the relevant usage of the 
word as a preposition as "approximately: close to in number, time, or degree." Exhibit F. The 
relevant definition of "about" from the online version of the Merriam Webster's Collegiate 
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Dictionary™ (http://www.m-w.com) is "reasonably close to". Exhibit G. Therefore, an 
interpretation of "about two months" to include three months simply does not fit the meaning of 
the term as it is understood by those of skill in the art. Without teaching such a PAG, the cited 
reference cannot anticipate the claims. 

Appellants finally note that the Examiner has provided no basis for concluding that 
Roberts et al. teaches the PAGs required by the instant claims other than to make the conclusory 
allegation that the "prior art teaches such PAGs." For example, the one-paragraph rejection 
contained in both the first and the final Office Action states that the PAG in Roberts et al. was 
"expressed just prior to implantation until term (-145 days in sheep, -280 days in cattle)." 
However, this is irrelevant to the claimed subject matter, which specifies immunologic detection 
of at least one PAG that is "present in early pregnancy and absent at about two months post- 
partum." What is relevant, and is not even alleged by the Examiner, is that the PAG be absent 
about two months post-partum. The above-cited portions of Roberts et al. clearly indicate it is 
not. The rejection by the examiner thus fails on its face to present any basis that could be used to 
reject the claims. 

It is the burden of the Examiner, in a rejection under 35 U.S.C. § 102(b), to show that 
each and every element as set forth in the claim is found in the prior art. Verdegaal Bros. v. 
Union Oil Co. of California, 814 F.2d 628, 631, 2 USPQ2d 1051, 1053 (Fed. Cir. 1987). The 
identical invention must be shown in as complete detail as is contained in the claim. Richardson 
v. Suzuki Motor Co., 868 F.2d 1226, 1236, 9 USPQ2d 1913, 1920 (Fed. Cir. 1989). To the 
extent that unexpressed inherent characteristics form the basis of an anticipation rejection, it 
must be shown that these characteristics necessarily flow from the disclosure. Continental Can 
Co. USA v. Monsanto Co., 948 F.2d 1264, 1268, 20 USPQ2d 1746, 1749 (Fed. Cir. 1991) ("To 
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serve as an anticipation when the reference is silent about the asserted inherent characteristic, 
such gap in the reference may be filled with recourse to extrinsic evidence. Such evidence must 
make clear that the missing descriptive matter is necessarily present in the thing described in the 
reference, and that it would be so recognized by persons of ordinary skill.") The Examiner has 
clearly failed to meet this burden. Accordingly, the rejection must fail. 

In view of the foregoing, reversal of the rejection is respectfully requested. 

B. The Claims are Not Anticipated by Zoli et al (1992) 

Claims 1, 3, 5, 6 and 13 were finally rejected under 35 U.S.C. § 102(b) as anticipated by 
Zoli et al. (1992) (Exhibit B). The reference was cited as disclosing a double-antibody RIA for 
BoPAGs, and measuring BoPAG levels during pregnancy in cows. 

Appellants again note that the cited reference fails to teach PAGs meeting the claim 
limitations. For example, attention is drawn to the Abstract of Zoli, which indicates that 
peripheral serum bPAG concentrations were 1.44 +/- 1.08 ng/ml at day 90 post partum. Thus the 
mean bPAG concentration of at least 0.36 ng/ml at 90 days post-partum was nearly twice the 
indicated undetectable level of <0.20 ng/ml that was given in Zoli et al. At most, the level was 
2.52 ng/ml, or more than 10 times the undetectable level. As admitted in both the first and the 
final Office Action, the undetectable concentration was not reached until day 100 +/- 20 pp. 

The problem created by the late presence of the Zoli et al. PAG is acknowledged on page 
89 of Zoli et al., where it is stated that "[o]verall, the presence of bPAG in sera for nearly 100 
days pp constitutes a problem for subsequent diagnosis of pregnancy by this method if 
rebreeding occurs less than 80 days pp." Thus, again, the mean bPAG levels detected by Zoli et 
al. did not drop below undetectable levels until more than 3 months post-partum. Even if one 
were to assume that the Zoli et al. bPAG was present at least 80 days post-partum, this figure 
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cannot be considered to be "about two months" As described above, the term "about" has a well 
known meaning in the art of close or reasonably close to a referenced figure. However, 80 days 
is approximately 33% longer than two months. This is cannot reasonably be construed to be 
"close" in time to two months. As such, the absence of this element from the prior art means that 
an anticipation rejection will not stand. 

Reversal of the rejection is thus respectfully requested. 

C. Claims 4, 7 and 8 are Not Obvious Under 35 U.S.C. §103 over Roberts et al 
(1995) or Zoli et al (1992) in view ofSasser et al. (1989) 

Claims 4, 7 and 8 were finally rejected as obvious over Roberts et al. (1995) or Zoli et al. 
(1992) in view of Sasser et al. (1989) (Exhibit C). In particular, Roberts et al. and Zoli et al. 
were cited as above and Sasser et al. was cited as teaching use of saliva, milk or urine as samples 
to PAG. 

As indicated above, regardless of what Sasser et al. may or may not disclose regarding 
means of sampling PAGs, it clearly does not address the material element of "at least one 
pregnancy associated antigen (PAG), wherein said PAG is present in early pregnancy and absent 
at about two months post-partum." The Examiner has not alleged otherwise. Further, Sasser et 
al. indicates that the PAG studied, "PSPB," was previously found to "remain[] in the serum for a 
considerable time after parturition in cows" and that "[tjhis long half-life poses a problem for 
pregnancy testing in re-mated post-partum cows." Sasser et al. at page 111, third full paragraph. 
Therefore, the Examiner has not shown that the prior art teaches or suggests all of the limitations 
of the claims, as is required under 35 U.S.C. § 103. See, e.g., In re Vaeck 947 F.2d 488, 20 
USPQ2d 1438 (Fed. Cir. 1991). Absent such a teaching, one of skill in the art would lack a 
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reasonable expectation of success in arriving at the claimed invention. Therefore, the claims 
cannot be considered obvious. 

In view of the foregoing, Appellants respectfully request reversal of the rejection. 

D. Claims 30-34 are Not Obvious Under 35 U.S.C. §103 over Roberts et al (1995) 
andZoli et al (1992) in view ofXie et al (1997) and Gerrie et al (1986) 

Claims 30-34 remain rejected over Roberts et al. (1995) and Zoli et al. (1992) in view of 
Xie et al. (1997) (Exhibit D) and Gerrie et al. (1986) (Exhibit E). Roberts et al, Zoli et al. and 
Xie et al. are cited as above and Gerrie et al. is cited as teaching an ELISA for PAG. 

In response, Appellants first point out that the human pregnancy-associated cc2- 
glycoprotein is completely unrelated to the PAGs being discussed here. Thus, to the extent that 
the examiner is attempting to extrapolate more from Gerrie et al. than an ELISA based-assay for 
diagnosing pregnancy, Appellants submit that such is not merited. In fact, it should be pointed 
out that a variety of different assay formats may be employed according to the present invention, 
including but not limited to ELISA, RIA, Western blot, dot-blot and lateral flow technology. 

More to the point, and irrespective of what Gerrie may or may not disclose regarding 
human PAGs, it clearly does not address the material element of "at least one pregnancy 
associated antigen (PAG), wherein said PAG is present in early pregnancy and absent at about 
two months post-partum." That is, Gerrie et al., just like Roberts et al., Zoli et al. and Xie et al., 
provides no indication that such PAGs even exist. For example, Xie et al. is directed to sheep 
(ovine) PAGs that are related to the bovine PAG-1 discussed in Roberts et al. Abstract, Xie et 
al. It, therefore, remains pure hindsight to argue that any of these references can suggest, with 
sufficient motivation or the requisite likelihood of success, the currently claimed invention. 
Thus, in light of the foregoing, Appellants respectfully request reversal of the rejection. 
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DC. CONCLUSION 
It is respectfully submitted, in light of the above, none of the pending claims are 
anticipated under 35 U.S.C. § 102(b) or obvious under 35 U.S.C. § 103(a). Therefore, Appellants 
request that the Board reverse the pending grounds for rejection. 



Respectfully submitted, 




Reg. No. 42,628 

FULBRIGHT & JAWORSKI L.L.P Attorney for Appellants 

600 Congress Avenue, Suite 2400 
Austin, Texas 78701 
(512) 536-3085 

Date: August 15, 2002 
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APPENDIX 1; APPEALED CLAIMS PRIOR TO ENTRY OF 



AMENDMENT UNDER 37 C.F.R. § 1.116 



1 . A method for detecting pregnancy in a bovine animal comprising: 

(a) obtaining a sample from said animal; and 

(b) contacting said sample with an antibody that binds immunologically to at least 
one pregnancy associated antigen (PAG), wherein said PAG is present in early 
pregnancy and absent at about two months post-partum; and 

(c) detecting said PAG bound to said antibody; 

whereby the presence of said PAG in said sample indicates that said animal is pregnant. 

2. The method of claim 1 , wherein said PAG is selected from the group consisting of PAG2, 
PAG4, PAG5, PAG6, PAG7 and PAG9. 

3. The method of claim 1, wherein said sample is saliva, serum, blood, milk or urine. 

4. The method of claim 3, wherein said sample is saliva. 

5. The method of claim 3, wherein said sample is serum. 

6. The method of claim 3, wherein said sample is blood. 

7. The method of claim 3, wherein said sample is milk. 

8. The method of claim 3, wherein said sample is urine. 

10. The method of claim 1, wherein said detection comprises detection of bovine PAG 
(BoPAG) 2, BoPAG4, BoPAG5, B0PAG6, BoPAG7, BoPAG9, BoPAG 7v; BoPAG9v; 
BoPAG 15; BoPAG 16; BoPAG 17; BoPAG 18; BoPAG 19; BoPAG 20 or BoPAG 21 
with polyclonal antisera. 
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11. The method of claim 1, wherein said detection comprises detection of bovine PAG 
(BoPAG) 2, BoPAG4, BoPAG5, B0PAG6, BoPAG7, BoPAG9, BoPAG 7v; BoPAG9v; 
BoPAG 15; BoPAG 16; BoPAG 17; BoPAG 18; BoPAG 19; BoPAG 20 or BoPAG 21 
with a monoclonal antibody preparation. 

12. The method of claim^ wherein said detection comprises ELISA. 

1 3 . The method of claim 9; wherein said detection comprises RIA. 



30. The method of claim 1, further comprising detecting a second PAG in said sample. 

31. The method of claim 30, further comprising detecting a third PAG in said sample. 

32. The method of claim 12, wherein said ELISA is a sandwich ELISA comprising binding 
of a PAG to a first antibody preparation fixed to a substrate and a second antibody 
preparation labeled with an enzyme. 

33. The method of claim 32, wherein said enzyme is alkaline phosphatase or horseradish 
peroxidase. 

34. The method of claim 32, wherein said first antibody preparation is monoclonal. 



14. The method of claim 9,) wherein said detection comprises Western blot. 
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APPENDIX 2: APPEALED CLAIMS FOLLOWING ENTRY OF 
AMENDMENT UNDER 37 C.F.R. S 1.116 



1 . A method for detecting pregnancy in a bovine animal comprising: 

(a) obtaining a sample from said animal; and 

(b) contacting said sample with an antibody that binds immunologically to at least 
one pregnancy associated antigen (PAG), wherein said PAG is present in early 
pregnancy and absent at about two months post-partum; and 

(c) detecting said PAG bound to said antibody; 

whereby the presence of said PAG in said sample indicates that said animal is pregnant. 

2. The method of claim 1 , wherein said PAG is selected from the group consisting of P AG2, 
PAG4, PAG5, PAG6, PAG7 and PAG9. 

3. The method of claim 1, wherein said sample is saliva, serum, blood, milk or urine. 

4. The method of claim 3, wherein said sample is saliva. 

5. The method of claim 3, wherein said sample is serum. 

6. The method of claim 3, wherein said sample is blood. 

7. The method of claim 3, wherein said sample is milk. 

8. The method of claim 3, wherein said sample is urine. 

10. The method of claim 1, wherein said detection comprises detection of bovine PAG 
(BoPAG) 2, BoPAG4, BoPAG5, B0PAG6, BoPAG7, BoPAG9, BoPAG 7v; BoPAG9v; 
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BoPAG 15; BoPAG 16; BoPAG 17; BoPAG 18; BoPAG 19; BoPAG 20 or BoPAG 21 
with polyclonal antisera. 

11. The method of claim 1, wherein said detection comprises detection of bovine PAG 
(BoPAG) 2, BoPAG4, BoPAG5, B0PAG6, BoPAG7, BoPAG9, BoPAG 7v; BoPAG9v; 
BoPAG 15; BoPAG 16; BoPAG 17; BoPAG 18; BoPAG 19; BoPAG 20 or BoPAG 21 
with a monoclonal antibody preparation. 

12. The method of claim 1, wherein said detection comprises ELISA. 

1 3 . The method of claim 1 , wherein said detection comprises RIA. 

14. The method of claim 1, wherein said detection comprises Western blot. 

30. The method of claim 1, further comprising detecting a second PAG in said sample. 

3 1 . The method of claim 30, further comprising detecting a third PAG in said sample. 

32. The method of claim 12, wherein said ELISA is a sandwich ELISA comprising binding 
of a PAG to a first antibody preparation fixed to a substrate and a second antibody 
preparation labeled with an enzyme. 

33. The method of claim 32, wherein said enzyme is alkaline phosphatase or horseradish 
peroxidase. 

34. The method of claim 32, wherein said first antibody preparation is monoclonal. 
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9. adverb 
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around "He proceeded to the banks of the 
Hudson, and looked about among the 
vessels." Jules Verne Around the World in 
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but)] 

be about to be on the point of doing 
something • The game was about to start. 

be what something or somebody is (all) 
about to be what something or somebody 
involves or has as a purpose (informal) 

not about to used to emphasize that 
somebody is certainly not going to do 
something (informal) • I'm not about to 
apologize! 
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Main Entry: ! about 4>) 
Pronunciation: &-'baut 
Function: adverb 

Etymology: Middle English, from Old English abutan, from 7 a- + 
butan outside — more at BUT 
Date: before 12th century 

1 a : reasonably close to <about a year ago> b : ALMOST <about 
starved> c : on the verge of — usually used with be and a following 
infinitive <is about to join the army> — used with a negative to 
express intention or determination <not about to quit> 

2 : on all sides : AROUND 

3 a : in rotation b : around the outside 

4 : HERE AND THERE 

5 : in the vicinity : NEAR 

6 : in succession : ALTERNATELY <turn about is fair play> 

7 : in the opposite direction <face about> <the other way abouO 
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\&\ as a and u in abut 
\ & \ as e in kitten 
\&r\ as ur/er in further 
\a\ as a in ash 
\A\ as a in ace 
\a\ as o in mop 
\au\ as ou in out 
\ch\ as ch in chin 



Pronunciation Symbols 

\e\ as e in bet 
\E\ as ea in easy 
\g\ as g in go 
\i\ as i in hit 
\I\ as i in ice 
\j\asj in job 
\[ng]\ as ng in sing 
\0\ as o in go 



\o\ as aw in law 
\oi\ as oy in boy 
\th\ as th in thin 
\[th]\ as th in the 
\u\ as oo in loot 
\u\ as oo in foot 
\y\ as y in yet 
\zh\ as si in vision 
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SUMMARY 

Pregnancy in cattle and sheep can be diagnosed by the presence of placentally- 
derived antigens (pregnancy-associated glycoproteins or PAG- 1) in maternal serum soon 
after implantation begins at about Day 20 following conception. Molecular clon.ng or 
their cDNA has revealed that PAG-l belong to the aspartic proteinase gene family and 
have about 50% amino acid sequence identity lo pepsin. However, critical ammo acid 
substitutions at the active' site regions suggest that both bovine and ovme PAG-l are 
enzvmatically inactive. PAG-l expression has been shown by in situ hybridization ana 
immunocytochemisiry to be localized to the trophoblast binucleate cells, which .nvade 
maternal uterine endometrium during implantation. The glycoproteins are concentrated 
in dense cytoplasmic granules that are discharged after the binucleate cells have migrated 
to the maternal side of the placental barrier. We suggest, therefore, that the PAG-l might, 
have an endocrine function either as carriers of other bioactivc peptides or by acting as 
hormones themselves. Recently screening of placental libraries with nucle.c acid probes 
has identified additional cDNA that are very abundant and code for polypeptides (PA(W 
and PAG-3) related to, but antigenically and structurally distinct from PAG-l described 
above. These molecules have sequences of amino acids at their catalytic centers that are 
consistent with their being potentially functional proteinases but their role during preg- 
nancy, like that of PAG-l, is unclear. 




PAG: A BRIEF HISTORY 

Pregnancy in humans can be detected soon after the conceptus begins to implant by 
the presence of a placentally-produced hormone-human chonon.c gonadotropin (hLO)- 
f,rs< in the maternal bloodstream and a little later in urine (1). However. CG express.on m 
gestation is a unique feature of primates and equids (2,3) and, as a consequence, a s.mp le, 
unequivocal serum test for pregnancy based on CG is no. available for other ™-™als 
including the economically valuable farm spec.es. In .982 Butler e, al (4) reported he 
partial purification and characterization of a pregnancy-specie protein (PSP-B) in cattle^ 
They first raised an antiserum against antigens in homogenates of placental membranes and 
used tissue and blood from nonpregnant cattle to adsorb out immunoglobu ins not spec.f.c 
,o pregnancy. The resulting antiserum was employed to monitor the : partja PU"ficat,on of 
PSP-B which was initially reported to have a molecular weight of 47.000 to 53,000 and a 
pi of -4.0. Over the next decade PSP-B was never thoroughly characterized, although a 
range of molecular weights was published (4-6). 

In 1991 Zoli et al. (7) reported the purification of a pregnancy-associated glycopro- 
tein (PAG but here called PAG-1) from bovine placental tissue. The methodology was 
similar to 'that of Butler et al. (4) in that an antiserum was first generated agamst placenta, 
extracts from which antibodies against common maternal ant.gens had been removed by 
immunoadsorption. This reagent was then used to track PAG-l purif.cauon through a series 
of chromatographic steps that led to the isolation of an acidic glycoprotem product of 
M -67 000. It is now clear that PSP-B and PAG- 1 are identical products (8). 

The presence of PAG-1 (or PSP-B) in blood serum has provided the bas.s of a 
potentially useful pregnancy test in cattle. The antigen generally becomes detectable by 
about Day 20 post-breeding and all pregnant cows appear to have measurable levels by 
Day 24 (Fig I) (5 9.10). This period coincides with the time that the irophoblast attaches 
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Fleure 2. D.agram showing the predicted structures of (he five PAG polypeptides whose cDNA have so far 
been cloned Of these only bPAG-1 has been purified and its NH r terminal amino acid sequence confirmed. 
Data indicate that a pro peptide has been removed at position +38. For each PAG the putative signal sequence 
(bars): potential sites of attachment of carbohydrate chains to Asn residues ( ^ ^^J^^P^**. 0 ™ 

residues. The lengths of the p 

itself firmly lo the uterine wall and when placentation begins (II). Concentrations of the 
antigen rise gradually during gestation and peak just prior to parturition. The antiserum raised 
against PSP-B (PAG- 1) has since been used to monitor pregnancy in sheep (12), goats (13), 
deer (14) and wood bison (15). 

The reason for the relatively late appearance of PAG- 1 in cattle, relative to hCG in 
women, probably relates to the fact that implantation is initiated correspondingly later tn 
cows, and PAG-1 is produced exclusively by the invading trophobtast binucleate cells 
(16 17) Although a vpr y early pregnancy test is desira ble _in_lhe_ cattle industry, ihe blood 
tes t for PAGQ_can be perjonn^ea^ used alternative (rectal palpation). 

T>ne major Ihortcoming of the blood test, however, lies in the apparent long half-l.fc 
(~9 days) of PAG-1 in maternal blood. Because concentrations at term may be well above 
1 ]lE fm\ nj-x^* " * «""'»»< for levels to drop back to threshold values (Fig. I), and 
cows are customarily bred within 2 to 3 months after calving. 



THE cDNA CLONING OF PAG 

The antiserum generated by Zoli el al. (7) was used to screen cDN A libraries prepared 
from mid-pregnant placental tissues of cattle and sheep (16). The cDNA so isolated were 
approximately 1 .7 kbp in length and coded for polypeptides of 380 and 382 amino acids in 
cattle and sheep respectively (Fig. 2). Each polypeptide had a predicted signal sequence of 
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bPACI 
bPAC «» 
bfAC 1 



punned glycoprotein had already been obtained (7). 

38 residue had also been removed. chemlcaUy sequenced. Most surprisingly the 

Ovine PAG-1 has yet to be isolated and ch ermcaUy * q ^ Uy resem . 

PAG clearly belonged to the ^Pj^ii t0 8 50%. Although there are 
bled pepsin, where the extent of sequence tdenmy ^ ^ 

considerable stretches of ^ uence J^ u ^o,ide sequence of these genes tnd.ca.es that 

^^^^^ 

substrate-binding cleft (16). inQ lcrtnina , and carboxyl 

Exan.imuion of the nonnallycons^ed regies m proteinases 

lerm ina. lobe, which ^< h « 

revealed yet further surprise, Ov ,„ PAG UoPAj > ^ ^ ^ , 

residues considered essenttal for catalysts and . , inc residue (F.g. 5). A 
b p A G-l had an alanine J '^stuu.ed to . «, rn, ally ^ ^ ^ tha( 

molecular modeling study P^™^'" D y \ ^ chain c f ala n,ne would probably cause 
lh e presence of the relat.ve* J*^^^ res , des symm e» IC ally between the 
considerable displacement of the waten mo ec ^ ^ mvo , d , n 

,wo adjacent aspartic ~* ^^ l ^ on „ suppose that ne.ther ovine nor bovine 
pept.de bond cleavage there » ^ ^ ^ovalof the pro-ptece frombPAG-1 

^noM^ 

S,b,e - If the PAG-1 -^h,.^ 

proteolysis. Two alternative roles bo ^J^gJ^ the P?G-1 biod and transport 
bWing cleft, immediate* suggest them* W« .On ^ ^ ^ f 

bioactivepeptides.poss.b^ inle ract w„h the 

such molecules ,n ^^^Z^% PAG-l may themselves be hormones 
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Figure 4. Compar.sonof .he amino acidsequencesofbPAG-i and human pepsinogen A. ^^"^F JepA 
sequence indicate idem.iy. The sequences in .he .wo caulytic si.e reg.ons are shaded and boxed. Gaps have 



EXPRESSION OF PAG-1 DURING PREGNANCY 

lmmunocytochemical studies have shown thai PAG-! in both cattle and sheep is 
localized to the b.nucleate cells in the outer epithelial layer (trophectoderm) of the placenta 

<F ' 8 ' 7 These cells, which probably arise by endomitosis from precursor mononucleate cells in 
the same epithelium, start to appear just pnor to the time that the pre-placenta (trophoblast) 
luaSTs to the uterine wall (around Day 1 7 in cattle). They constitute the invas.ve components 
of the placenta of ruminant species, and. once formed, migrate from the trophoblast and fuse 
with maternal uterine epithelial cells. At this stage the dense secretory granules discharge their 
contents towards the capillaries that feed the basolateral surface of the uterine epithelium. 1 he 
PAG-1 co-localize to these dense granules with placental lactogen (19-20). which is an 
established hormone, thus reinforcing the notion that they may have an endocrine function. 

The PAG- 1 mRN A is expressed abundantly from the time binucleate cells first form 
just prior to implantation, until term (-145 days in sheep, -280 days in cattle) In ^regard 
their expression differs markedly from that of another trophoblast-specific product of 
ruminant species, the interferon-tau (lFN-x). The latter is localized to the mononucleate cells 
of the trophectoderm and is expressed for only a few days pnor to the beginning of 
implantation (21). 

IDENTIFICATION OF cDNA FOR ADDITIONAL PAG 

Rccentty nucleic acid screening of the bovine cDN A libraries under low conditions 
of stringency has revealed cDNA for additional PAG molecules. The first to be characterized 
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possesses an apparently intact catalytic "J"***^ wjth exon . sp ec,fic cDNA probes 
Southern genomic blot analysis of bov n DNA ^ (dau not 

strongly suggests th - S^JS^SSSLS iri^ssed ,n p.acenta or e.sewhere. 

POST-TRANSLATION AL PROCESSING OF PAG-1 

of about 37.000, yet when punf.ed PAG- u «» ^ on JJJ^ derived frorn 
miuates with an apparent M r close to 70,000. Fart ™ ™* b wei hl ncutra i 

Sohydrate as PAG-1 is known to be a g ycopro e ^ to 

sugar (7, T^J^^t^^^i^^'^^ 
asparagine residues reduces the a PP arenl ™< ° presence of tunicamycm. an 

theuc studies carried out on cultured «P la !" s in paG-1 size. Whether 

inhibitorofN-glycosylation .haveshowna ^^^^ to some olhe r form of 
this "extra" mass of PAG- .5 due o CM ™ k ^ ca ™£ ear tQ result from any unusual 
post-trar.slaf.onal modification is uncles • £ es synth es,zed as a glycosylated 

physical properties o "jjgWj ' ; SS£i.y ,n SDS-gels is consistent with an 
recombinant product in CHO or cos 
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Figure 6. Compute! 



:r modeling of the highly conserved regions of PAO. homologous to the active sites of 
t (A) Overlay of the modeled bPAG structure with the .ctive site of porcine pepsm (29y 
Bdd lines depict the structure of the bPAG residues homologous to the •ctive site of porc.ne pepsin, with 
„-carbons labeled according to pepsm numbering. Thin lines are the active site of the crystal structure «f 



porcine pepsi 



ill from the 



crystal structure 
homologous i 
with bold lin< 



in The water molecule from the PAG model is labeled as H355 WAT, a. 

.epsin is labeled as H355 HOH. (B) Computer model of the elements of bPAG 
of pepsin The "active-site" Asp-32 and Asp-215 (pepsin numbering) are plotted 
The van der Waals surface of water molecule H3S5 WAT and Ala-34 from the PAG model are 
The native position of H3S5 HOH from the crystal structure of porcine pepsin is 



ibeled with light lines. The native positioo of the solvent is altered by the presenct 
Ala-34P-carbon. labeled CB. From Xie er al. (16) with permission. 



of the methyl 



M, of 43,000. It seems likely, therefore, that binucleatc cells of the placenta process PAG in 
some unusual manner. 

Even though PAG is first synthesized as a -70K product in explant cultures and that 
form tends to predominate in the tissues, smaller sized molecules accumulate with time, 
parttcularly in the medium (Fig. 8). Recent pulse-chase experiments with labeled amino 
acids have clearly established that the 70K form precedes the formation of the 47K and 53K 
forms To date the amino terminal sequences of these secondary products have not been 
obtained and so the nature of the processing events remains unclear. Nevertheless their 
presence probably explains the range of sizes that has been reported for PAG- 1 (or PSP-B) 
in the years following its first description in 1982. 




**** 



Figure 7. Immunohistocheroical localization forPAG in trophoblast .ndplacenta. bPAG sta.n.ng ""detected 
uninucleate cells (indicated by arrow) within trophectodenn of Day 18 bovine conceptus (A) and in bovine 
placenta of midgesration fetal cotyledonary villi (B) that imerdigitate with maternal utenne tissue. (Bars - 
50 H From Xie ei al with permission. 
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lants in Trophoblast tissue from a 

DISCUSSION 

r. ,n,; oe ns PAG- 1 from cattle and sheep were 
The reason that the placenta-specific »g ^ , acked fu „ ctl0 nal 

related in sequence to aspartyl P»«' M ^ t h ypo,h4 that members of protet- 

™in 8 P*G. ,« PASS'S - «■"• 
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ABSTRACT 



^. k. ^rthodv R1A for t bovine pregnancy-associated glycoprotein (bPAG) is described. The limit 

concentration.. Bovine PAG was ^"^""^^Z^,, Kzvm bPAC levels Increased progressively to J.60 ± IJ3 
ml ) in some anlnuls and at Da r 50 in ail prcgnan. can ^ w ,„,.„ ± 5 89 68 ng/ml at Day 270- 

ng/ml (mean ± SO) at Day JO ot pregnancy. » 2«5 * "^"^J p(ior t0 parruridoo. After deUvery. bPAG 

p!i concentration of bPAG wa, 246142 ± " g ^'^, C^U rl^rT^). .o!H 7.84 ag/ml >« Day 60 pp. 

concentration, decreased steadily to i* ^^'^on "8/-' « * Day .00 ± 20 pp 

t-« * '<» »•>"»« >° Z Lreford co- used as recants for P^»g«* 

em^c^^ 

S, Heifer, ^ detect Le.evejs ^^^^^ ^LZ^ anUgen in d,e senrm «-* - 
rr^^^^-y^ d.gnos, * ca.Ue front 28 days after breed,* 



INTRODUCTION 

Durtng normal pregnancy in human and various animal 
species, a number of hormones and prote.ns either appear 
£T3L to* time or are greatly increased in me rrsaterna 
circulation. Many of the* hormones and proteins are of 
feul-piacemal origin rather than of . naternal < r.gm IU For 
example. hCG. f.rst reported by Aschhe.m and 
is present in peripheral blood and urine of pregnant women 
t iO days after conception 131- Another ucf hobbsac pro- 
tein. human placental lactogen (hPL). is detectable only from 
M 9 of pregnancy [4|. Concentrations of hPL 
peripheral serum rise progressively dunng &<*™*£™« 
measurement of hPL Is of diagnosac value m detecung 
and monitoring high-risk pregnanc.es 15.61 n domesuc 
animals, several pregnancy prote.ns have also been re 
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ported. Equine chorionic gonadotrophs (^H7) cur- 
rently is used for pregnancy diagnosis in mares [81 Bovme 
placental lactogen (bPL). synthesized by "ophoblasdc b* 
nucleate cells [9]. is detectable in the maternal peripheral 
blood after Day 110 of gestation [10]. 

During the pa* twenty years, several 
tdns without any known hormonal acuv.ty ha«b«^ 
lated and studied [III In humans, dne pre^ancy-specific 
Bl-glycoproteir. (SP.) is detectable in * e ™ te ™ d *™™ 
as early as 6-14 davs after conception and can be used for 
etrly detection of pregnancy H In ^^.^A^f* 
trophoblastic proteins (ovine TP, and ^™ 
volved in maintenance of the corpus luteum 12. l^How 
ever, trophoblastic proteins are not measuraWe 
serum 1141. Recendy, a placental giycopro ^ caKedp*^ 
nancy-specific protein B (PSPB) was elated from feed 
membranes 1.15. 16|. This protein is t"^"** 0 ™* 
cow serum as early as 15 days after conception [V \ 

The present report describes the development of a sen 
siuve and specu^c double-antibody RIA for a bcMne preg^ 
nancV-assocSed glycoprotein (bPAG) prev.ousty elated 
^S^JL U81 and Its ^X^Z 
mem of bPAG in fetal and maternal native blood and de 
tection of pregnancy. 



MATERIALS AND METHODS 

Materials 

Antigen. Recently, four isoforms of bPAG of M t 67 000 
were highly purified from fetal cocyledonary tissue {181 The 
pool of these four isoforms was used as antigen for rabbit 
immunization. The same pool of bPAG was dissolved (1 
ug/ml) in 0.025 M Tris buffer (pH 7.5) and stored at -20 C 
in 0.5-ml aliquots that were used when required either as 
standard or for labeling with 

Antiserum. Amisera against bPAG were raised in rab- 
bits according to the method of Vairukaitis et al. [19]. Rab- 
bits received intradermal injections of 250 u.g of bPAG dis- 
solved in 0.5 ml of distilled water and emulsified in an equal 
volume of Freund's complete adjuvant (Difco Labs., Detroit, 
MI). Rabbits received booster doses at 2-wk intervals with 
250 u.g of bPAG in Freund's incomplete adjuvant and were 
bled 1 wk after die fourth injection and then every 2 wk. 



in serial dilutions either to detect bPAG or to measure the 
cross- reactivity with the antiserum anti-bPAG 

Cotyledonary extracts. Bovine and ovine fetal cotyle- 
dons were extracted as described by Beckers et al. [23], and 
the 40-80% ammonium sulfate precipitate was dialyzed ex- 
tensively against 0.01 M Tris (pH 7.5) buffer. The protein 
concentration was determined by the method of Lowry et 

31 Placentalproteins, gonadotropic hormones, AFP, andBSA. 
The assay kit for human SP, was purchased from Diagnostic 
Products Corporation (Medico-service Benelux, Belgium); 
eCG (Folligon) was from Intervet (Boxmeer, The Nether- 
lands). Bovine LH (bLH). bovine (bPL). and porcine FSH 
(pFSH) were purified in our laboratory [25, 26|. Highly pu- 
rified BSA and AFP were purchased from Boehringer and 
Calblochem-Behring Corporation (San Diego, CA). respec- 
tively. 

Amniotic and allantoic fluids. Amniotic and allantoic 
fluids were collected by aspiration before fetal blood col- 



Sera thus obtained were tested ^^d** S.^^ Spies' were centrifuged at 1 500 x g for 20 min 

Radiolabeled protein (tracer) The bovine 1-PAGwas icvuuu. o- v o ^ f ^ 

prepared according to the lactoperoxidase method of Tho- 



and the supernatant was stored at -20°C until assayed. 
Serum samples. Fetal blood samples were collected at 



rell and Johansson [20). The reaaton mature was ^conv from ^ fetuseS; blood w uken from 

posed of 5 u-8 o f bPAG d.ssoWed ^n 20 ul cfMK M Trfc J* gn^ ^ ^ ^ q{ 
buffer (pH 7.5), 25 al of 0.5 M phos ^ buffer (pH ^.4) ^ ^ q{ ^ ^ ^ ^ ^ 



Duiter ijpn « ^ - — •■■ 10 u and by heart puncture of fetuses at later stages, i-etai ages 

2 mCi m l (Amersham Corp., Arhngton He.ghts. LL) 10 jxl an^ y^ v cr0 wn-rump measurement [27|. Sam 

(1 llc) of lactoperoxidase (Boehringer, Mannheim, FRG) and were oetermineu y v> r _ 

30 u-1 of 30% hydrogen peroxide ( 1 : 30 000 dilution). The 
reaction period was 8 min. Unreacted iodine was separated 



from bovine ,2, 1-PAG by gel filtration on a Sephadex G75 



pies were also collected from the following groups of an- 
imals according to the following regimens: (1) 30 unbred 
heifers and 20 bulls; (2) a herd of 20 pregnant dairy and 
beef cows were bled once daily from the caudal vein from 



columnd x 30 cm; Pfwmaci, ^ « 2-wk 

0.025 M Tris-0.01 M MgCI, (pH 7 - 5 \ co ™ l ™*±) % ™* ^rvaL until Day 100 postpartum (pp); (3) 14 Holstein 

as eluting buffer The P*™™^™^^ £ Z^U HolstI cow^ and 9 Hereford cows carrying 

corporated into bPAG was g^r >han 90%, J«d the re Jeu^ ^ ^ ^ ^ ^ 

sultant specific <**^-«£™ ^ ™™tf+0*7 from Day -20 prepartum to Day 2 PP (parturition = Day 

self<lisplacement method of Roulston [21|, was o.m - u.U5/ J comme rcial herd of 430 Holstein-Friesian heif- 

_/-: /..„ ^moonc nf five a?iSaVS). " v . . _ j i-v... lc 



mCi/ug (means of five assays). 

Double-antibody solid phase. An antiserum was raised 
in a sheep immunized against highly purified rabbit IgG. 
Blood samples were collected from the sheep at 20-day In- 
tervals, and the titers of the antiserum thus obtained were 
evaluated by a double immunodiffusion test. When the titer 
reached a sufficiently high value, the sheep was bled and 
the blood was allowed to clot. The sheep IgG was purified 



ers carrying transferred embryos were bled at Day 35 pos- 
testrus (pe). Rectal palpations were performed at Day 45 
pe to confirm pregnancy. Blood samples were allowed to 
dot and were centrifuged at 1 500 x g for 30 min. Sera 
obtained were stored at -20°C until assayed 

Methods 

Standard curves. An aliquot of pure stock bPAG so- 



uk: uiwu -~ j. " t w- m prhod of Harboe and Intdld Standard curves. An altquot ot pure siocx ™- 

Ubody ^ ctsed . V ««=S^ tZ £££ ml) and tubes for evaluating non- 

was added in each assay tube except containing total ^ ^ ^ nonspeciflc ^e,. 

C °« n, £ C) ' All the reagents were dissolved in the same ference due to serum proteins, 0.1 ml of bPAG-free serum 

h ifo02S M Tris TSS (pH 7.5) containing (a pool of unbred heifer or stallion sera) was added to all 

buffer: 0^025 M Tris + ™ «3f* e standard curve tubes except TC tubes. The stability of tracer 

^C^nar^^^^ -~ » « *" ** T"* ** 

BsS^SS«S(^). -d fetal fluids were assayed were tested over 28 standard curves w.thm a 3-mo per«xl. 



RIA FOR A BOVINE PREGNANCY-ASSOCIATED GLYCOPROTEIN 



Gonadotropic hormones, placental and , fad lpro«ms. 
amniotic and allantoic fluids, pooled sen ot 'Wem preg- 
nant and nonpregnant cows, and placental extracts were 
^yed in ^ 0 .i ml of each serum 

'"l-PAG in 0.1 ml buffer was added, immediately or 

orecioitate was counted in an LKB (RocKviue, ™ u > *" 
center (Model 1272 CliniGamma) with an efficiency for 

sayed. 



RESULTS 

Assay Validation 

The '^-radiolabeled bPAG (tracer) bound at a high anti- 
serum final dilution of 1 : 1 500 000. That dilution bound 35- 
40% of "n-radiolabeled bPAG in the absence of un abe ed 
protein. In the presence of excess antibody, 90% of labded 
bPAG was bound. This suggested an absence of contami- 
nate of the tracer preparation by ™™™ l <* ial *™* 
tive material [281 To maximize sensitivity of the assay, the 
antiserum was used routinely at a final dduuo , of 
1-2500000. which bound 20-25% of '^-radiolabeled I bPAG 
with a nonspecific binding below ™ ^™ n< *£ 
bition curve ranged from 98% to 116% b^g «to 0.02 
10 ng of bPAG was added per assay tube. Sens.uv.ty de 
nneTas the lowest standard amount distinguishable from 
zero was consistently 200.01 ± 410 M^*™™**- 
the RIA was higher when samples were incubated at com 
Lperature for 16 h before addition of bovine I-PAG 
X 2-h incubation period followed additior £ ^r. 
The RIA was less sensitive when performed at iTC (ft* 
1) Displacement of standard inhibition curves tested over 
A assays within a 3-mo period was highly rentable and 
consistently ranged from 96.40 ± 199% to 3 31 ± 0 93% 
S2T±SD) Ending in buffer control «*« . «m*ntag 
oTmTof bPAG-negative serum when 0.02-5 00 ng bPAG 
was added. 
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Sensitivity and specificity of the bPAG RIA are illustrated 
In Figure 2A. Gonadotropic hormones from pituitary (LH, 
FSH) and placental (eCG) origin, as well as placental (bPL, 
SP,) and fetal proteins (AFP) from several species did not 
exhibit any inhibition of binding. Similarly, pooled sera from 
nonpregnant cows assayed in serial dilutions did not ex- 
hibit inhibition curves parallel to the bPAG standard curve. 
In contrast, full-term cow sera and bovine and ovine pla- 
cental extracts and fetal fluids cross-reacted highly in the 



assay. Except for ovine placental extracts, serial dilution of 
samples that cross-reacted in the bPAG RIA indicated that 
displacement curves were parallel to the bPAG standard curve 
(Fig. 2B). 

Accuracy and mass recovery of the bPAG RIA were as- 
sessed in the range of 0.5-250 ng/ml and are presented in 
Table 1. The regression equation for the accuracy of bPAG 
recovered (Y) when known amounts of bPAG were added 
(x) to a pool of stallion sera was: Y = 0.21 + l.Ox, and the 
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I to 0.1 ml of bPA(rr««ativ« 




, o, = 0.08 96.16 ± 

406 1:0.18 103^83 1: 4.6* 

7 61 ±0.22 97.33 - 

14.96 r 0.32 96.28 s 2.14 

31.50 i 0.58 100.80 = 
65.37 1 187 
123.65 ± 1.81 39.08 2 

251.49 * 7.73 100 59 * 



I 3.16 



correlation coefficient was r = 099. The <£J» 
from 4 pregnant cows. 2 nonpregnant heifers, and 2 buHs 
assayed in duplicate and 10 times in each assay) and 
interassay (sera from 3 pregnane cows. 1 nonpregnant cc*v. 
1 1 bull assayed in duplicate and in five ^nsecuuve * 
™ys) coefficient of variation were 6.87 ± 2.48% and 11.59 
i 0.63%, respectively. 

Measurement of Blood bPAG under Various Physiological 



Of the 90 samples of fetal sera collected at ^ 
of gestation. bPAG concentrations ranged from .027 to 45-93 
n«/ml in 82. and bPAG was undetectable (<02 ng/ml) In 
8 Vail cases, concentrations of bPAG in fetal sen, we e 
several orders of magnitude lower than those measured In 
Z Peripheral circulation of the dam. Concentrations <*b?KG 
S'sera were highly variable-. 

ference in stage of gestation (co-vanable). bPAC J concen- 
trations from male and female fetuses did not dtffe <j> > 
0 1-3 44 ± 0.48 vs. 2.60 ± 0.66 ng/ml. respectrvely) Bovine 
PAG concentrations in fetal sera (Y) were higher during the 

£y ? < < 1) stages of gestation (x) than during thetoer 
22s (> 4 mo) and are described by the following jory- 
nXl^egression equation- Y = 31.06 - 83x + 0.6x>; (r 

= 0.32, p < 0.08, Fig. 3). 



pp. 131-70 ± 77.90 ng/ml at Day 30 pp. and IWO : ± = 780 
ng/ml at Day 60 pp. The undetectable level (<0.2 ng/ml) 
was reached only by Day 100 ± 20 pp. 

Effects of type of recipient and sex of fetus on peripheral 
concentrations of bPAG in Holscein heifers. Holstein cows, 
or Hereford cows carrying purebred Holstein fetuses dur- 
ing the peripartum period are presented in Figure 5- Mean 
peripartum bPAG concentrations were higher in Hereford 
cows than in Holstein heifers or Holstein cows (3 500 vs. 
2 300 and 1 500 ng/ml; SEM = 400. p < 0.003). In addition, 
as illustrated in the bottom panel of Figure 5. Hereford cows 
carrying female fetuses had appreciably higher peripartum 
profiles of bPAG concentrations than those carrying male 
fetuses. No such differences due to sex of fetuses were de- 
tected in the two other types of recipient (breed of rec.p- 
ient x sex interaction, p < 0.01). Holsteinrecipients car- 
rying male fetuses had higher prepartum profiles (p < 0.05) 
man those carrying female Holstein fetuses. L.kew.se the 
profile of peripartum increases in bPAG c0 ^ ntratl0 r ^ 
of higher magnitude (p < 0.01) in Hereford cows than in 
Holstein heifers and in Holstein cows (Fig. 5. bottom paneO. 
Peak values reached by Days 5 to 1 prepartum were r 7600. 
4 200. and 3 000 ng/ml in Hereford cows. Holstein heifers, 
and Holstein cows, respectively. 

Pregnancy Diagnosis 

Measurement of bPAG concentrations in sera collected 
from 430 Holstein-Friesian heifers (which had rece.ved 
transferred embryos) on Day 35 pe was used as pregnancy 
diagnosis. Pregnancy was confirmed by rectal examination 
performed at Day 45 pe A total of 287 heifers were .den- 
ufied as pregnant and 143 heifers as nonpregnant accord- 
ing to bPAG concentrations measured by RIA (<0 5 ng/m^ 
Dfagnosis of pregnancy by rectal palpation indeed cha 
267 heifers of the 287 were pregnant and that 140 of the 
143 were nonpregnant. Not accounting for poss.be preg 
Icy loss between diagnosis by bPAG RIA and dlagno^ 
by rectal palpation, false-positive results occurred ,n 6.90* 
(20/287) Of the cases. False-negative results occurred .. 
2^0% (3/143) of the cases (Table 2). The total accurac 
was 94.65% (407/430). 



Maternal bPAG Concentrations during ^ 

Serum bPAG concentrations in pregnant cows bled cUUy 
from Days 20-35 pc and then at 2-wk Intervals until Day 
XpS present in Figure 4. Serum ^bPAC I cxw^ 
tions were 0.38 ± 0.13 ng/ml (mean ; ^D^22^ 
and rose continuously as pregnancy adv^ After Day 
240 pc bPAG concentrations were greyer th^l^ * 
60 20\Wml, and they Increased rapidly to 1 55190 - 589.70 
5 mUrDay 270 pc. The Increase ^d^dudng 
the 10-day prepartum period and reacheda P^« n « n 
Sion of 2 462.40 ± 1 017 90 ng/ml on Days 1-5 ^prepar- 
t^ Aner delivery, serum bPAG concentrations cJecUned 
steadily to approximately 499 60 ± 267.20 ng/ml at Day 14 



Possible Accessory Sources of bPAG 

Detectable levels of bPAG or bPAG-like protein i wer 

measured in 7 of 30 unbred heifers (mean ± SD . 0.30 . 

JoTto 0.50 * 0.17 ng/ml) and in 3 of 20 bulk (3*1 ■ 
173 to 475 ± 1-42 ng/ml) selected at random. Detectab 
bPAG concentrations in sera from nonpregnant hetfers d 
terrnined the threshold level of >0.5 ng/ml that was adopt, 
for positive pregnancy diagnosis. 

DISCUSSION 

This paper is the first to describe a highly specific a 
sensitive RIA for a well-characterized 67 000 M, pregnar, 
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associated glycoprotein in the bovine species (18,29). The 
parallel inhibition binding curves observed with serial di- 
lutions of placental extracts, pregnant cow sera, fetal sera, 
and amniotic and allantoic fluids suggest that the glycopro- 
tein isolated and purified from bovine fetal cotyledons (18) 
is the same as that found in the placenta, in fetal and ma- 
ternal sera, and in fetal fluids. Considering the higher con- 
centration of bPAG in maternal serum than in fetal serum, 
the glycoprotein synthesized by the fetal placenta Is se- 



creted essentially into the maternal circulation. The lack of 
inhibition of binding observed with sera pooled from non- 
pregnant cows suggests that the bPAG is specific to, or at 
least highly associated with, pregnancy. However the nearly 
parallel inhibition binding curve of ovine placental extracts 
(Fig. 2B) suggests that bPAG and its ovine analog have high 
immunological homology. 

Although the human SP, is also of trophoblastic (301 or- 
igin and is pregnancy specific, no inhibition of binding was 
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observed in R1A (Fig. 2A). Similariy. pituitary and Placenul 
gonadotropic hormones from several spedes (bPU bLH, 
pFSH and eCG) and fetal or serum proteins (AFP and BSA) 
at doses up to 10 jig/ml were not deteaable. In this regard 
the present RIA results differ from those of Sasser et al. 117), 
who observed that bLH and ovine FSH inhibit the binding 
of '"I-PSPB in a manner parallel to the standard curve. It 
is difficult to know whether PSPB and bPAG are quite dif- 
ferent proteins or belong to the same family without com- 
paring the amino acid sequences or immunologically test- 
ing the two glycoproteins. 

The selective secretion of bPAG into the maternal cir- 
culation suggests that It might act mainly on the maternal 
side. A negative correlation was clearly established between 
fetal bPAG concentrations and fetal age (Fig. 3)- 

Up to Day 80 of pregnancy, all cows studied seemed to 
have similar concentrations of serum bPAG. After pay 80 
of pregnancy, differences appeared among animals. The 
bPAG levels were consistendy higher than those reported 
by Sasser et al. (171 for PSPB. The profile observed In the 
oresent study is quite different from those of bPL 131] and 
SP 1321 The high increase of bPAG within the last 10 days 
prior to calving might be due to the possible involvement 
of the protein in the Induction of parturition. 

After delivery, bPAG concentrations decreased steadily, 
but not as rapidly as SP„ which disappears from maternal 
serum about 2 wk after parturition 132], or bPL and oPL 
[33 341 The long time needed for bPAG to be cleared 
from the maternal serum might be the result of the very 
high concentration reached around parturition- It might also 



result from the probable long half-life of the protein In blood, 
as observed by other workers for placental proteins like 
PSPB and eCG 135, 36). Overall, the presence of bPAG in 
sera for nearly 100 days pp constitutes a problem for 
subsequent diagnosis of pregnancy by this method if re- 
breeding occurs less than 80 days pp. Another question is 
whether the remaining bPAG plays any role in postpartum 
anestrus. 

Results of periparrum Investigations suggest that periph- 
eral concentrations of bPAG, as demonstrated with other 
placental proteins or hormones |33, 37), are affected by the 
maternal environment but are also controlled by fetal ge- 
notype (sex and family of fetus). The explanation of such 
a phenomenon might be found in the fact that trophoblast 
cells express some types of antigens that are recognized as 
foreign by the mother 137). If so. it is reasonable to assume 
that similar antigens will be expressed to some degree by 
the trophoblast of crossbred conceptuses but to a greater 
extent by the trophoblast of fetuses of breeds unrelated to 
that of the recipient As shown by Allen for eCG in horses 
and donkeys 137). the "cell-mediated reaction" is also the 
probable explanation of higher bPAG preparrum concen- 
trations in Holstein heifers carrying purebred Holstein fe- 
tuses indeed, it has been demonstrated elsewhere that fe- 
males in their first pregnancy produce high titers of 
antibodies against some trophoblastic antigens recognized 
as foreign to the maternal immune system 137V Given the 
immunosuppressive properties of bovine [38) and human 
[39) pregnancy-specific or pregnaiKy-associated protons and 
given the possibility that bPAG and PSPB belong to the same 




family U may be postulated that bPAG constitutes a pro- 
mechlnlsm^at either masks the trophoblast anti- 
gens from maternal immune recognition or suppress or 
neutralizes any maternal reaction that would «herwbebe 
stimulated 1371 in later pregnancies. Alternative^ d^er 
ences in peripartum bPAG concentrations that are related 



to the type of recipient or sex of fetus may also reflect dif- 
ferences in placental function. As observed for bPAG in the 
present experiment, peripartum concentrations of estrone 
sulfate, which Is mostly of placental origin, are increasea 
when fetal and maternal units are genetically different 140J. 
It has been reported that greater antigenic dissimilarity is 
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TABLE 2. Detection of pregnancy by WA tor bPAG In 
serum (0»y 35 p«> «nd by rect<H palpation 10*Y «5 o»l 
in 430 Holst»in-Fri««ian r>«if«t« that had reottwd a 
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related to larger placentas in mice (411 and higher calf birth- 
weight in cows (42|. 

The accuracy of pregnancy diagnosis using milk proges- 
terone concentration at Day 24 

sonography from Days 21 to 35 is high [43.44). The bPAG 
a glycoprotein of placen.al origin, could be considered as 
a marker of placental function. It is detectabe ****** 
ternal serum throughout gestation unul Day 100 ± 20 pp. 
The sensitive, specific, and accurate RIA of bPAG could be 
used as a serological method for early pregnancy diagnosis 
in cattle. With the bPAG assay, the date of mating or arti- 
ficial insemination is not needed for pregnancy diagnosis 
as it is for progesterone assay. In the present study, the 
accuracies of the test for pregnancy and r^npregW^ 
93 03% and 9790%. respectively. The overall accuracy of 
d« test was 94.65%- The high race of false-pos.uves might 
be due, in part, to embryonic deaths that occurred , i few 
davs before blood sample collection or 
and 45 pe. The false-negative results were probably the 
consequence of very low serum bPAG concentrations ; auhe 
umeof blood sample collection due to among-animal vari- 
ations in bPAG production. 

The assay results in some bulls and unbred heifers were 
surprising unless one accepts the existence of accessory 
sources of bPAG In humans, extrap.acental 
socalled trophoblasispecif.c proteins (e.g.. SP.) by vmu* 
plastic ce'lU is a well-recognized pr^rnenon 145 46J 
Bovine PAG or a bPAG like protein has been found in bull 
S rSr sera and testes 147|. Thus suggest that bPAG may 
"so eT,Un extraplacental sources. Given this pottM* 
The apparent deteaion of very low concentrations of bPAG 
"ay ^necessarily indicate pregnancy. The bPAG concen- 
Son at or above which a diagnosis of pregnancy can be 
confidendy made should be determined so that assay bad. 
Ground or nonspecific -noise" levels (0.5 ng/ml) can be 
Runted for. Fo^ this reason, results of any bPAG assay 
before Day 28 pc should be interpreted cauuously. 
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Characteristics of pregnancy-specific protein B in cattle 

R. G. Sasser, J. Crock and C. A. Ruder-Montgomery 

Department of Animal Science, University of Idaho. Moscow, Idaho 83843, U.S.A. 

Summary. Pregnancy-specific protein B (PSPB) has been isolated from placental tissue 
ofTws Antisera were developed against PSPB and by immunoh.stochem.cal tech- 
n quel the protein was localized to the binuc.eated cells °f the trophob^ c 
ectoderm A radioimmunoassay (RI A) was also developed and used to detect PSPB m 
a of pregnant animals. The RIA has been used successfully in pregnancy test.ng » 
caule and other ruminants. The assay can also be used to detect tune of embryonic 
dea h Chemical characterization of PSPB showed that it was an ac.d.c glycoprotem 

< with an apparent molecular weight of 78000. It has several .soelectnc vanants with pis 

^ of 4-0-44. 

Keywords: pregnancy; protein; pregnancy-specific protein B; embryo; cattle 



Introduction 



Proteins produced by the placenta have been reported for many years in several ^cies. For 
- : Ehtaeim I Zondek (1928) reported that a proteir t named u in tor 

proteins have been found in the human but not all reach the maternal blood or unne (Bohn, 
'^Several pregnancy proteins are reported in domestic animals. Pregnant mare serum gonado- 

conceptus of this species and showed that the major secretory protem was a « lar 

weS acidic protein produced between Days .3 and 21 of pregnancy. Thts was ^termed ovme 
rrophoblast protein- 1 (oTP-1). This protein is probably the same as trophoblastm, a .substance 
trophobiast pro v , ^ a ume corresponding to the 

ZZ l^lM the bovine embryo bet.een Days ,6 and ^"^f^ 
lar to those of oTP-1 (Bartol et al., 1984) and is termed bovine trophoblast protein-l . Godkm 
vt al. (1988) have identified several proteins or the bov.ne conceptus near Days 30 to 40 ot 
^P^nancy-specific protein B (PSPB) has been found in the serum of pregnant cattle (Sasser 
e, a! T^d has been used'as a pregnancy marker. This paper will summanze currently 
understood biological and chemical characteristics of this protein. 
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Pregnancy-specific protein B 

This protein was found after immunizing rabbits with homogenates of whole bovine placenta and 
adsorbing the antisera with somatic tissues to remove antibodies to proteins not specific to the 
placenta. Remaining antibodies were against alpha-fetoprotein and PSPB of the placenta (Butler 
et al., 1982). Adsorbed antisera were used as a marker in immunodiffusion and immunoclcclro- 
phoresis methods to isolate a preparation of PSPB (R-37) from bovine placenta (Sasser el al., 
1986). A new antiserum (RGS 38-1) was then developed in a rabbit for use in development of a 
double-antibody radioimmunoassay (RIA) for PSPB (Sasser et al., 1986) and for further 
characterization of PSPB. 



Biological characteristics 

Source of PSPB. Immuno histochemical methods were u sed to find that PSPB was present in the 
giant binucleated cellsof the trophectoderm ol the placenta ( bckbiaq et al., 1985) . Also, studies by 
"Reimers et al. (1 985) showed that PS PB secretion into media was greater by placental cell fractions 
enriched in binucleated cells' than fty those enriched in mononucleated cells. 
* The presence of FSFH in body Huids other than blood has been investigated. Cross-reacting 
ntigens have not been found in urine, tears, saliva, or vaginal or cervical secretions; however, milk 
contains PSPB whe n co llected at a time wh en it is excessivelyhigh in plasmaj)f cows, i.e. within the 
wee k^after parturition (R . G. Sasser, unpublished). 

Pregnancy testing with PSPB. Cross-reactions of antigens in sera from the cow, sheep and goat, 
compared to the PSPB standard for this RIA, are shown in. Fig. 1. The sera of pregnant cows 
paralleled the standard curve while that of pregnant sheep and goats did not: The assay was there- 
fore quantitative for cow but only qualitative for sheep or goat PSPB. However, a qualitative assay 
is adequate for a test for pregnancy. There were no cross-reacting antigens in sera of non-pregnant 
animals and so the RIA can be used to detect pregnancy in these ruminants. 




M.l/tube 

Fig. 1. Cross-reaction of antigens in sera of pregnant sheep, goats and cows with Antiserum 
RGS 38-1 compared to R-37 PSPB standard. (From Sasser & Ruder, 1987.) 



Sasser et al. (1986) have shown that the RIA for cattle was appropriate for pregnancy testing in 
large numbers of animals. Additionally, they showed that PSPB was present in serum from the 3rd 
week until the end of pregnancy in most cows and, in some, as early as the 2nd week of gestation. 
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The time during the 3rd-4th week that the test could first be used and detect a high percentage of 
pregnancies was evaluated in dairy cattle by Humblot et al. (1988a). Cows (N = 76) and heifers 
(N = 71) were subjected to 177 artificial inseminations (A I) followed by analyses of blood for 
PSPB by RI A on Days 24, 26 and 30-35 and some on Day 70 after A I. All data were compared for 
accuracy with rectal examination data at Day 70. 

As shown in Table I, accuracy improved as gestation age increased. The accuracy of the test 
was acceptable by 30-35 days and was considerably more accurate than the milk progesterone 
assay administered to these same animals on Days 22 and 24 after insemination: 70, 77 and 79% on 
Days 22, 24, and Days 22 + 24 combined. 
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Table 1. Accuracy of pregnancy detection al different days of pregnancy it 
cows and heifers 



Pregnancy 




Day of gestation 




at 70 days 


24 


26 


30-35 


70 


Pregnant 

Non-pregnant 

Overall 


86 (50/58) 
72 (86/119) 
77(136/177) 


89 (84/94) 
89(157/177) 


90 (83/92) 
100 (83/83) 
95(166/175)* 


99 (77/78) 
100 (36/36) 
99(1 13/1 14)t 



Values are % with the numerator being the total no. of pregnant or non-pregnant 
animals by PSPB assay and the denominator the no. that returned to oestrus before 70 
days or were palpated at 70 days as pregnant or non-pregnant. 

♦Two animals returned to oestrus and were not included in this calculation. 

fSerum was collected and analysed for PSPB on Day 70 in only 1 14 of the 177 animals 
initially started on the project. 



The sensitivity of the RIA has been modified by changing first antibody dilution and incubation 
conditions. Estimates of pregnancy with high accuracy before 30-35 days are anticipated 
(R. G. Sasser, unpublished). 

Post-partum PSPB. Ruder & Sasser (1986) showed that PSPB remains in the serum for a 

I considerable time after parturition in cows . The half-life was estimated to be 7-3 days from Days 21_ 
to 53 post par turn in cows which were hysterectomized on Day 21. Th is long half-life poses a 
problem for pregnancy testing inre-mated post-partum cows. Studies are being conducted with the 
above-mentioned sensitive RIA to determine the time that an acceptable low level of PSPB is 
reached during the post-partum interval in order that a higher level of PSPB of a new pregnancy at 
26-28 days can be determined. 
Estimates of embryo death. We have also shown that PSPB can be used in conjunction with the 
milk progesterone assay for monitoring time of embryonic death (Humblot et al., 1988b). Milk or 
serum progesterone concentration at 21-24 days is indicative of the presence or absence of an 
embryo at 16-17 days since this is the time that the embryo signals its presence to the maternal 
system (Northey & French, 1980). Later embryo death can be determined by the PSPB assay. The 
time of embryo death can therefore be surveyed from Day 16 until term pregnancy. 



5erum Chemical characteristics 

I Since the success of the RIA for pregnancy detection relies upon the displacement of radio- 

I labelled PSPB (preparation R-37), all chemical isolation and analysis has relied upon displacement 

testin § in of radiolabeled PSPB from Antiserum RGS 38- 1 . Additionally, polyacrylamide gel electrophoresis 

.•m the 3rd (PAGE) has been analysed by Western blotting of immunoreactive proteins on nitrocellulose paper 

gestation. usjng Ant j serum rgs 38- 1 (R. G. Sasser & J. Crock, unpublished). 
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The g > 37 prep ar ation of PSPB contained several immunoreactive ban dsjts_delcmiined-by 
West ern do tting after SPS-PAGE .JVlost were removed by column chromatography of radio- 
labelled PSPB during the iodination procedure (Sasser et al., 1986) and before use in the RIA^A_ 
band conta i ning the majority of the radioactivity remained an d had an apparent m olecular wei2ht 
of780Q 0 (SPA-PAGE estimate). 

Extraction ofpSPB from bovine cotyledons yielded a, single major immunoreactive band and 2 
j ninor bands" with apparent re'spective'rholecu lar w eights or 78 000, 85 000 and 90 000 by SDS- 
~ PAGE . Migration ol the band ot M, /8 OOOwis not affected byp^-mefca^toeTR'anol, suggesting that 
PSPB exists as a monomer and that disulphide linkages are not important in maintaining tertiary 
structure of the molecule. 

Cultures of whole cotyledons from bovine placenta o f_90 dgys , of age secreted proteins into 
medium (Hanks' balanced salt solution). Fivep roteins, when separated on SDS-PAGE were detec- 
table by Antise rum R GS 38-1 on a We stern blot. T he major band had an estimated molecular 
weight of 78 000 and TmTnor banaThadmolecular weights of 48 000, 65 000, 85 000 and 90 000. 
Antisera were produced against the bands of M, 78 000, 85 000 and 90 000 which had been cut from 
PAGE gels and injected, with polyacrylamide, into rabbits. Imm un e sera against each antigen 
cr oss- reacted with the other two in the West ern blot. All antisera alsobound the radiolabeled R-37 
preparation of PSPB._ 

RadiolabelledJ*07_4MEparation of~PSPB and the Af r 78 000 preparation from culture media 
were subjected to two-dimensional IEF-SDS-PAGE. Both of these proteins of M r 78 000 contained 
7 isoelectric variants with isoelectric points between 4 0 and 4-4. Two variants with pis of approxi- 
"" matety"4-2-4-25 were most ab un dant. P eptide maps of these isomers were similar, indicating that all 
^variants are charge isomers and not different proteins with similar molecular weights and pis. The 
protein of M, 78 000 contained ~ 5% hexose sugars and ~ 3% sialic acid. 

Conclusion 

PSPB is a glycoprotein produced by the binucleate cells of the placenta of ruminant animals. The 
biological function of this protein awaits determination. Measurement of it in plasma or serum but 
probably not in other biological fluids can be used as a pregnancy test. Care must be taken in 
evaluating sera of animals in the early post-partum period for a new pregnancy. A false positive test 
may be obtained: 

It is anticipated that PSPB can be formatted into a field test kit that can be purchased by 
producers and applied at their own facilities. Such tests are available for measurement of other 
chemical substances. Actual assay time is only 3-10 min. 

This study was supported by the Idaho Agricultural Experiment Station, U.S.A; the United 
Dairymen of Idaho, U.S.A.; and UNCEIA Laboratoire d'Hormonologie, Maisons Alfort, France. 
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ABSTRACT 

Pregnancy-associated glycoprotein (PAQ-1 (PAC1) and preg- 
nancy-specific protein B are either identical or closely related 
antigens released by trophoblast binucleate cells of placentas of 
cattle. Sheep and other ruminants produce similar products. 
There is evidence, however, that these antigens, which are re- 
lated structurally to the pepsinogens and other aspartic protein- 
ases, are not single gene products but members of an extensive 
family. Here, the sequential use of ammonium sulfate precipi- 
tation and Sepharose blue, anion-exchange, and cation-ex- 
change chromatographies, as well as isoelectric elution from a 
Mono P column, has allowed several PAG1 -related molecules to 
be purified from the medium after culture of explants from Day 
100 sheep placentas. Each of these PAGs cross-reacted to a vary- 
ing extent with a panel of three different anti-PAGl antisera. 
Four of them, all of which were major secretory products of the 
placenta, were subjected to amino-terminal microsequencing. 
Although each was related to ovine (ov) PAG1, none was iden- 
tical. Reverse transcription-polymerase chain reaction was then 
used to amplify PAG1 -related cDNA from Day 100 placental 
RNA. Seven novel full-length cDNA, all distinct from ovPAGI, 
were identified from 25 cDNA selected for sequencing. Only 
two of these (ovPAG3 and ovPAG7) encoded polypeptides iden- 
tical in sequence at their inferred amino termini to one of the 
PAGs (ovPAG 65 ) purified from explant cultures. Even so, they 
were only 84% identical in overall sequence. The remaining five 
cDNA were unique. In situ hybridization analysis revealed that 
expression of ovPAGJ and ovPAG7, like that of ovPAGI, is con- 
fined to trophoblast binucleate cells. The data confirm that at 
Day 100 of pregnancy the ovine placenta produces many dif- 
ferent PAGs, which differ considerably in sequence and immu- 
nological cross-reactivity. 

INTRODUCTION 

Pregnancy-associated glycoprotein (PAG)-l (PAG1) [1], 
also known as pregnancy-specific protein B (PSPB) [2], 
was identified by two different groups of investigators who 
used essentially comparable approaches in their experi- 
ments. Both obtained an initial antiserum by injecting rab- 
bits with a crude mixture of bovine placental proteins and 
by adsorbing out nonrelevant antibodies on tissue extracts 
and red blood cells from nonpregnant cows. The resulting 
preparations were used to monitor the purification of the 
pregnancy-associated antigens themselves from placental 
extracts, which in turn were employed to generate more 
specific "second-generation" antisera useful for detection 
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of pregnancy in cattle [3-6]. In the case of the pioneering 
studies of Sasser and colleagues, it has become clear that 
the PSPB used to immunize the rabbits was only partially 
purified [2]. In addition, a series of molecular weights have 
been published, ranging from -50 000 [2] to 78 000 [3], 
and Western blotting has been reported to show several 
bands of immunoreactive protein [5]. Independently, Mia- 
lon et al. [7, 8] described a 60-kDa placental protein that 
was also pregnancy specific and presumed to be distinct 
from PSPB. The PAG1 antigen purified by Zoli et al. [1] 
had a molecular weight of 67 000 and appeared pure as 
judged by Edman sequencing. Nevertheless, it was com- 
posed of several isoelectric variants believed to be the result 
of a varying content of sialic acid. Moreover, the amino- 
terminal sequence obtained was similar, but not identical, 
to that inferred from the bovine (bo) PAG1 cDNA de- 
scribed below. 

A cDNA for boPAGl was cloned [9] by screening a 
placental library with the antiserum prepared by Zoli et al. 
[1], but the same procedure also identified a less common 
cDNA encoding a related polypeptide too distinct in se- 
quence to be an allele of PAG1 [10]. At about the same 
time, an antiserum raised against yet another placental pro- 
tein identified a third bovine PAG [11], and Southern ge- 
nomic blotting strongly suggested that there were multiple 
PAG genes in cattle [10]. Most surprising, was the discovery, 
that the PAGs were members of the aspartic proteinase gene 
family and were closely related in structure to the pepsins 
[9-1 1]. Despite this similarity to a proteolytic enzyme, mu- 
tations within or near the active sites of bovine PAG would 
likely have rendered the bovine PAG catalytically inactive 
[9, 12]. 

PAG-related antigens have been reported in several ru- 
minant ungulate species other than cattle [13-17], and PAG 
cDNA have been cloned from both the sheep [9, 18], a 
ruminant, and the pig [19], a monogastric species. In both 
the latter species, at least two distinct cDNA were identi- 
fied. 

Together, the results outlined above suggest that the 
PAGs may exist as a more extensive family than originally 
suspected and that the various antisera that have been gen- 
erated have not necessarily been equivalent in cross-reac- 
tivity. Such suspicions have been strengthened by the ob- 
servation of Atkinson et al. [20], who examined the spec- 
ificity of the monoclonal antibody SBU-3, which had been 
selected on the basis of its ability to stain ovine trophoblast 
binucleate cells. This antibody recognizes a carbohydrate 
epitope of as yet unknown structure but was also able to 
form immune complexes with several different proteins in 
placental extracts that had amino-terminal sequences simi- 
lar to that of ovine (ov) PAG1. OvPAGI was not itself 
immunoprecipitated. 
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Culture of placental (cotyledonary) tissue 
Precipitation of secretory proteins with 20%, 40% and 75% (NHfeSO, 

4* 

Soluble proteins, precipitated by 75% saturated (NH^SOi, were passed twice through 
Bhie-Sepharose. Breakthrough material fractionated into six pools by DEAE-chromatography 

Pool 1 proteins separated into 3 peaks on a Mono S column 
4< 

Each peak from Mono S further purified on a Mono P column 
Protein purity assessed by SDS-PAGE 

4- 

Microsequencing N-terminus of the purified proteins 

FIG. 1. A schematic outline of ovPAG purification. Secretory proteins 
from Day 100 ovine placenta-conditioned medium were first precipitated 
with ammonium sulfate. The material collected in the 40-70% ammo- 
nium sulfate fraction was dialyzed in 10 mM Tris (pH 8.0), concentrated, 
and further analyzed by DEAE-Sepharose chromatography. The fractions 
containing materials cross-reactive to anti-PAG antisera were pooled and 
further separated on Mono S and Mono P HPLC columns. The purified 
ovPAGs were sequenced at their amino termini. 



The present experiments were conducted to verify that 
multiple kinds of PAGs are secreted by the sheep placenta. 
They were also designed to provide an estimate of the 
amounts of PAG protein secreted, since the frequency of 
PAG transcripts in cDNA libraries, including those from 
the pig [19], seemed unusually high [9, 11, 21]. Finally, it 
was of interest to know whether the complement of PAGs 
produced at Day 100 of the 145-day pregnancy were among 
those already identified in the preimplantation period [18], 
in midpregnancy [20], and closer to term [9]. 

MATERIALS AND METHODS 

Culture of Placental Tissue 

Uteri were removed surgically from three Day 100 preg- 
nant mixed-breed ewes and dissected open to expose the 
placenta in a tissue culture hood. Cotyledons were removed 
from the placenta as cleanly as possible and minced into 
small pieces (~5 mm 3 ). These explants were washed three 
times in Dulbecco's Modified Eagle's medium (DMEM) 
containing penicillin (100 U/ml), streptomycin (100 u-g/ml), 
and fungizone (0.5 u.g/ml) and cultured in the same me- 
dium at 37°C under 5% C0 2 :95% air for 8 h. A total of 
852 g wet tissue was cultured in a total of 5 L of DMEM. 
The tissue and medium were separated by centrifugation 
after 8 h of incubation. 

Purification of ovPAG from Cotyledon-Conditioned 
Medium 

The purification of ovPAG is shown schematically in 
Figure 1. All procedures were carried out at 4°C except 
high-performance chromatography, which was performed 
rapidly at room temperature. Between purification steps, 
samples were stored at -20°C in buffers containing a cock- 
tail of proteinase inhibitors (0.5 mM EDTA, 0.5 mM PMSF, 
and 0.4 u,g/ml leupeptin). Before the beginning of each 
chromatographic procedure, all samples were dialyzed 
against the start buffer used to equilibrate the column and 
concentrated in Centriprep-30 cartridges (cutoff 30 kDa; 



Amicon, Beverly, MA). Protein concentrations were deter- 
mined by the Bradford procedure [22]. 

(NHJ 2 S0 4 precipitation. Proteins from 4 L of the con- 
ditioned medium were precipitated sequentially by addition 
of (NH4) 2 S0 4 to 20%, 40%, and 75% saturation. The pel- 
leted proteins were resuspended and dialyzed against 10 
mM Tris-HCl, pH 8.0. The majority of the protein (11.48 
g) was precipitated between 40% and 75% saturated 
(NH4) 2 S0 4l while smaller amounts were recovered at 20% 
(290 mg) and 40% (5.8 g) (NH,) 2 S0 4 . OvPAGs detected 
by immunoblotting and ELISA were present predominantly 
in the 40% to 75% (NH4) 2 S0 4 fraction. 

Blue Sepharose chromatography. A portion (405 mg) of 
the protein that had been precipitated at 75% (NH4) 2 S0 4 
saturation was applied to a Blue Sepharose column (20 X 
1.3 cm; Sigma Chemical Co., St. Louis, MO) that had been 
equilibrated with 0.1 M sodium acetate, pH 7.0. This pro- 
cedure was employed in order to remove much of the al- 
bumin present in the culture medium. The unabsorbed, 
breakthrough fractions (243 mg) contained all of the im- 
munoreactive materials and were pooled for further purifi- 
cation of PAG. Proteins bound to the Blue Sepharose were 
eluted with a buffer containing 0.5 M NaCl in 0.10 M so- 
dium acetate, pH 4.0. 

Anion-exchange chromatography. The unabsorbed ma- 
terial from the Blue Sepharose column was loaded onto an 
open DEAE-Sepharose column (2.5 X 92 cm; Pharmacia, 
Kalamazoo, MI) that had been equilibrated with 10 mM 
Tris-HCl buffer, pH 8.0. The column was washed exten- 
sively with the same buffer until the 280-nm absorbency 
reached baseline. Proteins were eluted from the column by 
a combination of a gradient of NaCl in 10 mM Tris, pH 
8.0. Step 1 consisted of elution with a 1 -liter linear gradient 
(1 mM to 100 mM NaCl). This was followed by washing 
of the column with three bed volumes of 100 mM NaCl. 
Step 2 was a 1 -liter linear gradient (100-200 mM NaCl) 
followed by a wash with three bed volumes of 200 mM 
NaCl. In the final step, a third linear gradient (200-300 mM 
NaCl) was used. The column was then washed with 300 
mM NaCl as described above. The eluate was collected in 
9.5-ml fractions, monitored for absorbance at 280 nm, and 
assayed for the presence of PAG by ELISA. Immunoposi- 
tive fractions were combined into 5 pools according to their 
absorbance at 280 nm and irnrnunoreactivity. Only the anal- 
yses of pool 1 (Dl) and pool 3 (D3) (see Figs. 2 and 3) 
are reported here. 

Cation-exchange HPLC. The DEAE pools were sepa- 
rately analyzed by chromatography on a Mono S HR5/5 
column (Pharmacia). The column was washed with 20 mM 
sodium acetate (pH 5) at a flow rate of 1 ml/min for 30 
min. The proteins were then eluted by using a linear gra- 
dient (0-1 M NaCl in 20 mM sodium acetate, pH 5) at a 
flow rate of 1 ml/min. The fractions (1 ml/tube) were col- 
lected and assayed for ovPAG by using an ELISA or West- 
ern blotting. 

Chromatofocusing HPLC. Immunoreactive pools from 
the Mono S column were subjected to isoelectrofocusing 
on a Mono P HR5/20 column (Pharmacia). The column was 
equilibrated with start buffer (0.025 M bis-Ths, pH 6.3). 
Proteins were eluted with polybuffer 74, pH 4.0 (Pharma- 
cia), at a flow rate of 0.5 ml/min. Each protein peak was 
analyzed by Western blotting after proteins were separated 
by SDS-PAGE. 

N-Terminal Amino Acid Sequence Analysis 

The purified ovPAG was transferred to polyvinylidene 
difluoride (PVDF) membranes with a ProSpin device (Ap- 
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plied Biosystems, Foster City, CA) and sequenced by the 
Edman degradation method on an Applied Biosystems 
Model 470 protein sequencer with online analysis for phen- 
ylthiohydantoin derivatives (Protein Core, University of 
Missouri-Columbia, Columbia, MO). One fraction (see lane 
14 in Fig. 7) contained two separable immunoreactive 
bands. Proteins in this fraction were separated by SDS- 
PAGE, stained with Coomassie blue, and then transferred 
to a PVDF membrane for sequencing. 

Anti-PAG Antisera 

The preparation of anti-native ovPAGl [9, 23] and anti- 
native boPAGl antisera [1, 6] has been described previous- 
ly. The anti-recombinant ovPAGl serum was raised in rab- 
bits against ovPAGl, which had been produced in Esche- 
richia coli strain BL21 (DE3)pLysS as previously described 
[24]. Briefly, the coding region of ovPAGl (without the 
signal peptide) was amplified by polymerase chain reaction 
(PCR) and engineered to contain in-frame, flanking ndel 
restriction sites for cloning into the pETlla vector (Invi- 
trogen, San Diego, CA): Recombinant ovPAGl expression 
was induced with 1 mM isopropyl B-D-thiogalactopyrano- 
side. The protein was produced as insoluble inclusion bod- 
ies that were isolated by centrifugation from French-pressed 
cells. The inclusions were washed two times in 20 mM 
Tris-HCl (pH 8.0), 1 mM EDTA, 20 uM PMSF, and 1% 
Triton X-100 and solubilized in 8 M urea, 20 mM Tris-HCl 
(pH 8.0), 100 mM 2-mercaptoethanol, and 1 mM EDTA. 
The turbid solution was then cleared by centrifugation. The 
solubilized proteins (250 u.g) were mixed with 0.5 ml 
Freund's complete adjuvant (Gibco, Chagrin Falls, OH) and 
injected s.c. into two New Zealand white rabbits [25]. The 
rabbits were reimmunized at 5-wk intervals with 100 u.g of 
the recombinant protein in Freund's incomplete adjuvant. 
Antiserum was collected from the central ear vein 2 wk 
after each immunization [25]. 

Detection of ovPAGs by Western Blotting and on Dot 
Blots 

To denature proteins before electrophoresis, the samples 
were boiled for 5 min in loading buffer that contained 1% 
SDS and 1% 2-mercaptoethanol. The denatured proteins 
were separated in a 10% poly aery lamide gel containing 
0.1% SDS and then either stained with Coomassie blue 
(loading: 10 u.g/lane) or transferred to a nitrocellulose 
membrane by electroblotting (loading: either 2 or 0.5 u,g/ 
lane). For dot blotting, proteins (1 u.g) were directly spotted 
onto nitrocellulose membranes. Both kinds of blots were 
then exposed to 5% (w:v) milk proteins, washed, and re- 
acted with either preimmune serum, anti-native ovPAGl, 
anti-native boPAGl, or anti-recombinant ovPAGl antise- 
rum [25]. Visualization of the antigen-antibody complexes 
on both dot blots and Western blots was achieved with the 
use of alkaline phosphatase-conjugated goat anti-rabbit IgG 
antibodies in an immunoblotting kit purchased from Pro- 
mega (Madison, WI). 

ELISA 

The assay was a variation of an antibody capture assay 
to detect and provide a semiquantitative assay for the rel- 
ative amount of ovPAGs in samples [25]. Briefly, samples 
(3 u.1) were applied to the bottom of a polyvinylchloride 
microtiter plate. The plates were washed twice with PBS 
and blocked with 3% BSA, and an anti-PAG antiserum (1: 



50 000, each antiserum) was added to the wells. Unbound 
protein was removed by four washes with PBS. An alkaline 
solution (0.1 ml) containing alkaline phosphatase-conjugat- 
ed goat anti-rabbit IgG antibody (0.2 u-g/ml) was then add- 
ed to the microplates. After washing, the complexes of an- 
tigen-primary antibody-secondary antibody were detected 
by adding p-nitrophenyl phosphate (1 mg/ml; 20 u.1) to 
quantitate bound enzyme [25]. The microplates were read 
at 405 nm to provide a measure of the amount of PAG in 
the original sample. The positive control in the assay was 
3 u.1 of the diluted 40-75% (NH 4 ) 2 S0 4 fraction containing 
240 ng of protein. 

Hemoglobin Proteinase Assay 

The hemoglobin proteinase assay was performed as de- 
scribed previously [24, 26]. Briefly, a 100-u.l solution con- 
taining purified ovPAG (1 u.g) and [ 14 C]methyl-hemoglobin 
(6 u,g; 0.04 |xCi in 150 mM acetate buffer, pH 4.5) was 
incubated at 37°C for up to 48 h. Protein was then precip- 
itated with 0.2 ml of 10% (w:v) trichloracetic acid. Super- 
natant solution (0.2-ml samples) containing 14 C-labeled 
peptides liberated by the enzyme was counted in a liquid 
scintillation counter. Controls included negative and posi- 
tive assays run in the absence or presence of porcine pepsin 
(Sigma), respectively. 

Cloning of ovPAG Transcripts from Day 100 Ovine 
Placenta 

PAG transcripts from Day 100 ovine placenta were 
cloned by reverse transcription (RT) and PCR procedures 
[27]. In brief, cellular RNA extracted from a Day 100 pla- 
centa was first reverse transcribed into cDNA and amplified 
by PCR with a pair of well-conserved primers (ovPAG for- 
ward 5 ' AGG AAAG AAGC ATG A AGTGGCT3 ' , ovPAG re- 
verse 3' ATTTACGAACCTGAACAAGTCCT5' ; see Fig. 
8). The RT-PCR products were cloned into TA cloning vec- 
tors (Invitrogen). Plasmid DNA was prepared from individ- 
ual colonies and sequenced. 

In Situ Hybridization 

Riboprobes (cRNA) were prepared by using the Riboprobe 
Preparation System (Promega). Briefly, a fragment (407 base 
pairs [bp]) of ovPAG3 and 7 cDNA, corresponding to exons 
3, 4, and 5, was amplified by PCR with two well-conserved 
primers (forward 5TGGGTAACATCACCATTGGAA3', re- 
verse 37u\AGACTCGGACAAAAACGG5'; see Fig. 8). 
PCR products were subcloned into the TA cloning vectors 
(Invitrogen). The orientation and sequence of the inserts were 
confirmed by sequencing. The subcloned cDNA fragments 
were then transcribed in vitro into cRNA in the presence of 
[ 35 S]CTP. The probes (each -1.25 X 10 9 cpm/u.g) were used 
within 3 days of preparation. 

Day 100 ovine placental tissue was sectioned (14 u,m) 
at - 18°C on an IEC cryostat (International Equipment Co., 
Needham Heights, MA) and mounted onto prechilled mi- 
croscope slides. The sections were then fixed in 4% form- 
aldehyde in PBS for 5 min, washed in double-strength SSC 
(single-strength SSC: 0.3 M NaCl, 0.03 M sodium citrate, 
pH 7.0) for 2 min, acetylated in 0.25 (v:v) acetic anhydride 
in 0.1 M triethanolamine (pH 8.0) for 10 min, rinsed twice 
in double-strength SSC, and dehydrated sequentially 
through 70%, 80%, 95%, and 100% ethanol. To increase 
the accessibility of the target mRNA, the tissue was soaked 
to remove lipid membranes in 100% chloroform for 5 min, 
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rehydrated in 100% ethanol for 2 min and in 95% ethanol 
for 2 min, and air dried. In situ hybridization was per- 
formed according to procedures described previously [28] 
after application of 0.2 ml probe solution (4 X 10 6 cpm) 
to cover each section. Exposure was for 1-4 wk at 4°C. 
After development, the slides were counterstained with he- 
matoxylin and eosin and examined microscopically. 

RESULTS 

Characteristics ofAntisera Used in Immunodetection of 
PAGs during Purification 

The anti-boPAGl antiserum [1] was raised against pu- 
rified boPAGl extracted from fetal cotyledons, but it clearly 
recognizes an array of different ovPAG molecules [9, 29] 
(see Figs. 3 and 6). Presumably, different PAGs, even those 
belonging to different species, possess similar epitopes as 
a result of their sequence similarities. 

The antigen used to generate the antiserum against na- 
tive ovPAGl [23] was prepared against protein fractionated 
as described by Zoh et al. [1] from bovine fetal cotyledons 
pooled from several different stages of pregnancy [23]. At 
the time of antiserum preparation it was believed that only 
a single PAG type existed. In retrospect, the antigen prob- 
ably contained a mixture of potential antigens. In the con- 
text of the present experiments, the antiserum was antici- 
pated to have relatively broad immunological cross-reactiv- 
ity. 

The third antiserum used was generated by immunizing 
rabbits against urea-solubilized, recombinant ovPAGl. 
Three lines of evidence suggested that this nonglycosylated 
product was largely denatured. First, when the urea was 
removed from the preparation, much of the protein precip- 
itated from solution; second, the protein that remained sol- 
uble eluted with the void volume on a Superose 12 HPLC 
column; third, the protein failed to bind to a pepstatin af- 
finity column (data not shown). The antiserum raised 
against this recombinant protein was likely, therefore, to 
recognize certain epitopes possibly present on improperly 
folded but not native protein and to have some value in 
recognizing a range of PAGs on Western blots. 

When used in combination, it seemed likely that these 
antisera would be capable of detecting a broad array of 
PAGs produced by Day 100 placental tissue. 

Fractionation of ovPAGs from Cultured Placental Explants 

Proteins that had been released by explants of Day 100 
placental tissue during an 8-h culture in serum-free medium 
were initially fractionated by addition of ammonium sulfate 
(Fig. 1). Little material that cross-reacted on Western blots 
with any of the anti-PAG antisera was detected in either 
the 20% or 40% ammonium sulfate fractions, which con- 
tained 0.29 g and 5.80 g of protein, respectively. The pro- 
tein (11.5 g) that was precipitated at between 40% and 75% 
ammonium sulfate saturation contained all but a trace of 
the immunopositive material (data not shown). 

After dialysis against 0.1 M sodium acetate (pH 5.5), a 
portion of this protein fraction (405 mg) was passed twice 
through a Blue Sepharose column to remove much of the 
serum proteins, particularly serum albumin, that contami- 
nated the preparation. Bound protein, which could be sub- 
sequently eluted in 0.5 M NaCl, contained no ovPAGl - 
immunoreactive material as determined by immunoblotting. 
Instead, the PAGs were all present in the initial break- 
through fraction (243 mg). 




Fraction Number 



FIG. 2. Anion-exchange chromatography of protein fractionated by pre- 
cipitation with ammonium sulfate on a column of DEAE-Sepharose. Pro- 
teins precipitated with 40-70% saturated ammonium sulfate were resu- 
spended in 1 0 mM Tris (pH 8.0), dialyzed, and then passed three times 
through a Blue Sepharose column. The proteins in the final breakthrough 
from the Blue Sepharose column were concentrated, loaded onto a DEAE- 
Sepharose column (25 X 92 cm), and washed extensively with 10 mM 
Tris, pH 8.0. The column was eluted by a combination of step gradient 
and linear gradient of 0-300 mM NaCl in 10 mM Tris, pH 8.0. The eluate 
was collected in 9.5-ml fractions whose content of protein was assessed 
by their absorbance at 280 nm. Each fraction was analyzed for immu- 
noreactivity by using dot blotting and ELISA. Five pools were generated, 
and pool 1 (D1) was divided into two subpools (D1A and D1B). 



Anion-exchange chromatography on DEAE-cellulose at 
pH 8.0 was then used to purify the PAGs further (Fig. 2). 
The unbound, flow-through fraction contained about one 
quarter of the 243 mg protein loaded, but no detectable 
material that reacted with the antisera (Fig. 3, A and B, 
lane 3). Subsequent elution with a gradient of NaCl yielded 
five major pools (Fig. 2; D1-D5). Pool Dl was arbitrarily 
divided into two subpools (D1A, leading peak; DIB, the 
trailing shoulder). Both contained material that reacted 
strongly with the antisera to boPAGl (Fig. 3C, lanes 4 and 
5) and anti-recombinant ovPAGl (Fig. 3D) but relatively 
weakly with native ovPAGl antiserum (Fig. 3B). 

In contrast, pool D3 reacted most strongly with anti- 
native ovPAGl antiserum and not at all with anti-native 
boPAGl (Fig. 3B, lane 7). Although pools 2, 4, and 5 all 
contained immunoreactive protein (Fig. 3, B— D, lanes 6, 8, 
and 9, respectively), these were not studied further. Instead, 
the effort was to purify the PAGs in pools Dl and D3. 

Purification of PAGs from Pool D1A 

Pool D1A (fractions 50-71, Fig. 2; 19.4 mg protein) was 
subjected to high-performance cation-exchange chromatog- 
raphy on a Mono S column. All immunoreactive material 
bound to the column, and there was very little protein (< 
1 mg) in the flow-through. Salt elution provided three fur- 
ther pools of PAGs (SI, 4.4 mg; S2, 5.7 mg; S3, 5.0 mg; 
Fig. 4A). After electrophoresis, a broad band of Coomassie 
blue-staining material was evident in each pool (Fig. 4B) 
that cross-reacted with the antiserum to boPAGl (Fig. 4C). 

Further fractionation of a portion (2.8 mg) of pool SI 
on a Mono P column, in which proteins are separated ac- 
cording to their isoelectric points, gave five further pools 
of protein (S1P1-S1P5; pi 5.54, 5.19, 4.06, 4.00, and 3.56, 
respectively) (Fig. 5). Each contained a protein of apparent 



FIG. 3. Electrophoretic analyses and 
Western immunoblotting of proteins frac- 
tionated by DEAE-Sepharose. Samples 
were subjected to electrophoresis on 10% 
polyacrylamide gels containing 0.1% SDS. 
Lane 1, molecular weight standards (scale 
on left X 10" 5 ); 2, total proteins initially 
loaded on the DEAE-Sepharose column; 3, 
proteins in the unbound fraction. Lanes 4 
to 9 correspond to pooled materials of 
D1A, D1 B, and D2 through D5, respec- 
tively (see Fig. 2). In A, proteins (10 p-g 
loaded)were visualized by staining the gel 
with Cobmassie brilliant blue. B, C, and D 
are Western blots (2 u.g loaded per lane) 
analyzed with either anti-native ovPAGI 
(B), anti-native boPAGI (C), or anti-recom- 
binant ovPAG 1 antisera (D). 
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FIG. 4. Analysis of proteins from DEAE-Sepharose fraction D1 by Mono 
S chromatography. A) Proteins from the D1 fraction were loaded onto a 
Mono S column. The column was washed extensively with 20 mM so- 
dium acetate (pH 5.0) and eluted with a gradient of 0.1 M NaCI in 20 
mM sodium acetate (pH 5.0) at a flow rate of 1 ml/min. The eluate (1 
ml/fraction) was assayed for ovPAG by dot blotting and ELISA. The frac- 
tions in pools SI, S2, and S3 were combined separately and analyzed by 
SDS-PAGE (B and C). Lane 1, molecular weight standards (scale on left 
X 10~ 3 ); 2, total protein initially loaded on the Mono S column; lanes 3, 
4, and 5 correspond to pooled materials of SI, S2, and S3. Proteins were 
visualized either by staining with Coomassie blue (10 u,g/sample) (B) or 
by immunoblotting (2 u.g/sample) with anti-native boPAGI (C). 



mass —65 kDa (Fig. 6, lanes 7-1 1). This band cross-reacted 
weakly with anti-ovPAGl (Fig. 6B, lanes 7-11) but strong- 
ly with anti-recombinant ovPAGI (Fig. 6D). Fractions 
S1P1 and S1P2 were also positive against anti-boPAGl 
(Fig.6C). 

Material in two of these pools (S1P2 and S1P4) was 
selected for sequencing. The two (designated ovPAG 65 in 
Fig. 7) were identical over the first 21 amino acids (aa) of 
amino-terminal sequence. 

Pools S2 and S3 from Figure 3 were also fractionated 
further on the Mono P column. Only two peaks were gen- 
erated for each sample (data not shown). The proteins in 
the two peaks (S2P1, 0.8 mg; S2P2, 0.02 mg) from the S2 
pool had isoelectric points of 5.68 and 4.0, respectively, 
and an apparent molecular mass of 61 kDa (Fig. 6A, lanes 
12 and 13). A band of slightly higher mobility (apparent 
mass 55 kDa), which cross-reacted strongly with the anti- 
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FIG. 5. Isoelectric point analysis of ovine placental proteins in fraction 
SI by chromatography on a Mono P column. A) Proteins from the Mono 
S fraction SI (Fig. 4) were loaded onto a Mono P column equilibrated 
with start buffer (0.025 M b/s-Tris, pH 6.3). The column was eluted with 
polybuffer 74 (Pharmacia) at a flow rate of 1 ml/min. Samples were col- 
lected as five pools (PI, P2, P3, P4, and PS, respectively). 
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FIC. 6. Electrophoretic and Western immunoblot analyses of proteins fractionated by Mono P chromatography. Samples were subjected to electro- 
phoresis on polyacrylamide gels containing 0.1% SDS. Lane 1, molecular weight standards (scale on left x lO -3 ). Lanes 2-6 were samples derived by 
further fractionation of the DEAE-Sepharose D3 pool (see Fig. 2). This was first separated into two fractions by Mono S chromatography (data not 
shpwn). Only the Mono S fraction 1 contained immunoreactive materials and was further separated by use of Mono P chromatrophy into three peaks. 
Lanes 2 and 3 correspond to the leading and trailing ends of Mono P peak 1; lanes 4 and 5 to the leading and trailing edges of peak 2; lane 6 represents 
peak 3 from the Mono P column. Lanes 7-1 1 correspond to fractions PI through P5 from Figure 5, respectively. Fraction S2 (Fig. 4) was separated into 
two subfractions by Mono P chromatography; lanes 12 and 13 represent subtractions. Fraction S3 (Fig: 4) was also separated into two fractions by 
Mono P chromatography; lanes 1 4 and 1 5 were samples from subfractions 1 and 2, respectively. In A, gels were stained by Coomassie blue and were 
loaded with 5 fig protein per lane. B-D were immunoblots containing 0.5 jig protein per lane. These immunoblots were developed with either anti- 
native ovPACI (B), anti-native boPAG! (C), or anti-recombinant ovPACI (D). 
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FIG. 7. Comparison of the NH 2 -terminal 
amino acid sequences of four purified 
ovPAGs with other PAG-related proteins 
that were purified from placental tissues 
and with three PAG that were cloned but 
not purified. OvPAG 65 and ovPAG 61 corre- 
spond to the samples shown in Figure 6, 
lanes 8 and 1 2, respectively. OvPAG S5 cor- 
responds to the lower band and ovPAG^, 
to the slower-mobility band in Figure 6, 
lane 1 4. The subscript for each ovPAG de- 
notes its apparent molecular mass (in 
kDa). The purified PAGs were subjected to 
microsequencing. Sequences obtained 
were compared with those of three glyco- 
proteins isolated by immunopurification 
on the SBU-3 monoclonal antibody [20], 
the boPAG 67 sequence reported by Zoli et 
al. [1 ], and the sequences inferred for ov- 
PAGl [9] and ovPAG2 [18] from their 
cDNA. Regions of strongest sequence con- 
servation are shaded. X indicates a blank 
cycle and probably corresponds to a gly- 
cosylated asparagine residue. The cDNA 
for ovPACI (GenBank accession no. 
M73961), ovPAG2 (U30251), and boPAGI 
(M73962) encode both the signal se- 
quence and the propeptide. The existence 
of additional amino acids at the amino ter- 
mini is represented by dots. 
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FIG. 8. Nucleotide sequence of cDNA 
clones ovPAC3 and ovPAG7 identified by 
RT-PCR from RNA isolated from Day 100 
cotyledonary RNA. The arrows at the be- 
ginning and end of the sequences corre- 
spond to those chosen to provide probes 
for the initial PCR amplification of reverse- 
transcribed RNA. The two internal arrowed 
sequences are those selected to provide 
the probe used for in situ hybridization. 
The two solid rectangles mark the initia- 
tion and stop codons, respectively. 



recombinant ovPAGl antiserum, was also detected in the 
S2P1 material (Fig. 6D). However, sequencing of the total 
material in S2P1 was consistent with the presence of only 
a single polypeptide. If a mixture of PAGs had been pres- 
ent, more than one signal might have been evident during 
at least some of the cycles. The sequence (ovPAG 6I ) ob- 
tained was again unique. 

The two Mono P peaks from the S3 pool (S3P1, pi 5.54, 
0.24 mg; S3P2, pi 4.00, 0.2 mg) contained proteins that 
differed in apparent mass (Fig. 6, lanes 14 and 15). S3P1 
itself also contained at least two bands of material (60 kDa 
and 55 kDa) when it was analyzed electrophoretically (Fig. 
6, lane 14). Each was subjected to "off-blot" analysis. The 
two (ovPAGeo and ovPAG 55 ) differed markedly in their 
amino-terminal sequences (Fig. 7). The polypeptides in 
fraction S3P2 have not been analyzed further. 

Further Analysis of Polypeptides in Pool D3 

Again the sequential use of chromatography on Mono S 
and Mono P columns provided fractions that appeared rel- 
atively homogeneous in composition (Fig. 6, lanes 2-6). 
These protein bands (mass —70 kDa) reacted weakly with 
anti-native ovPAGl but not with the other two antisera. 
Sequencing failed to reveal the presence of PAG. Instead, 
the data indicated that most of the protein in pool D3 was 
serum albumin (data not shown) whose signal was strong 
enough to mask that of any PAGs. 



Purified PAGs Lack Proteolytic Activity Toward Denatured 
Hemoglobin 

In order to examine whether any of the PAGs so far 
purified possessed proteolytic activity, 1 jtg of each was 
incubated with 6 |xg [ 14 C]methyl-hemoglobin for as long 
as 48 h at 37°C. No hydrolytic activity was evident in any 
of the preparations. By contrast, 1 u.g of pepsin, the positive 
control, converted the majority of die protein to trichlora- 
cetic acid-soluble peptides within 1 h under identical con- 
ditions. 

Cloning of PAG Transcripts from Day 100 Placenta 

In order to isolate transcripts that possibly matched some 
of the ovPAGs that had been purified (Fig. 7), mRNA from 
Day 100 placental tissue was reverse transcribed and sub- 
sequently amplified by PCR. The oligonucleotides used for 
PCR represented sequences just 5' to the ATG start codon 
and 3' to the stop codon in regions well conserved in all 
PAG transcripts so far cloned [9-12, 18, 19]. A total of 25 
cDNA, distinct from but closely related to ovPAGl and 
ovPAG2 in sequence, were sequenced, and these could be 
classified into seven different groups. They were named 
ovPAG3 to ovPAG9 based on the order in which they were 
sequenced to completion (Genbank accession numbers 
494789 to 494795, respectively). Two of the seven cDNA 
(ovPAG3 and ovPAG7) encoded a polypeptide that con- 
tained sequence corresponding to the amino terminus of 
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FIG. 9. The inferred amino acid sequences of ovPAG3 and ovPAG7. The 
inferred signal sequence of 1 5 aa is shown. The shaded rectangle corre- 
sponds to the region of apparent identity between ovPAG3, ovPAG7, and 
ovPAG 65 (from Fig. 7). The asterisks mark asparagines that are potentially 
glycosylated. The open rectangles designate the sequences immediately 
surrounding the two aspartic acid residues (D) that are normally involved 
in catalysis. The signal sequence of 1 5 aa is numbered separately. The 
propeptide region is between the end of the signal sequence and the 
shaded rectangle. 



ovPAG 65 shown in Figure 7. Despite this similarity at their 
5' termini (Fig. 8), the two were clearly distinct in nucle- 
otide sequence (Fig. 8), and it was clear that they encoded 
different proteins (Fig. 9). None of the other cDNA (ov- 
PAG4, 5, 6, 8, and 9) encoded any of the protein sequences 
shown in Figure 7. ' 

The lengths of the polypeptides encoded by ovPAG3 and 
ovPAG7 (each 380 aa) were the same, but the sequences 



showed only 84% identity overall (Fig. 9). After the signal 
peptide (15 aa) and propeptide (38 aa) regions had been 
removed, the mature ovPAG3 and ovPAG7 proteins had 
theoretical molecular weights of 36 281 and 36 680, re- 
spectively. The additional mass of the proteins is presum- 
ably the result of posttranslational processing, particularly 
of the addition of carbohydrate, as has previously been re- 
ported for ovPAGl [9, 29]. Both ovPAG3 and ovPAG7 
possess four conserved asparagine residues in the context 
Asn X Thr/Ser, which could be targets for iV-glycosylation. 
In addition, ovPAG3 contains a fifth such site (Fig. 9). Ed- 
man sequencing of ovPAG 65 (Fig. 7) provided no signal on 
cycles 4 and 21, which correspond to Asn57 and Asn74 on 
both ovPAG3 and ovPAG7, suggesting that the residues at 
these positions are indeed glycosylated. 

Aspartic proteinases that are enzymatically active char- 
acteristically possess conserved sequences of amino acids 
around the two catalytic aspartic acid residues that face 
each other across the peptide-binding cleft separating the 
two lobes of the molecule (unshaded boxes in Fig. 9). In 
ovPAG3, glycine in the usually conserved triad DTG in the 
amino-terminal lobe [9, 19, 21] is replaced by an alanine. 
A similar mutation is believed to be inactivating in the case 
of boPAGl [9, 12]. In ovPAG7, the same DTG triad is re- 
placed by DST (Fig. 9) and again is not anticipated to sup- 
port enzymatic activity. 

Localization of ovPAG3 and ovPAG7 mRNA to 
Trophoblast Binucleate Cells 

In situ hybridization was performed on sections of Day 
100 placentomes with probes representing relatively poorly 
conserved regions of ovPAG3 and ovPAG7 transcripts (Fig. 
8). Positive hybridization signals were restricted to the scat- 
tered binucleate trophoblast cells (Fig. 10) that make up 
about 25% of the cells of trophectoderm [30]. This local- 
ization is clearly observed near the tips of the chorionic 
villi close to the edges of the placentome (Fig. 10A) but is 
also evident in the meshwork of chorionic villi in the cen- 
tral region of the placentome (Fig. 10B). There, the villi 




FIG. 1 0. Localization of the mRNA for 
ovPAG7 and ovPAG3 in Day 100 ovine 
placental tissue by in situ hybridization 
analyses. In situ hybridization was per- 
formed with 35 S-labeled probes on trans- 
verse sections' across a placentome re- 
moved from a sheep at Day 100 of preg- 
nancy. Two sections are shown. A) A sec- 
tion near the edge of the placentome 
showing the tips of cotyledonary villi with 
the strongly positive binucleate cells 
heavily labeled with silver grains from the 
ovPAG7 probe. B) A section within the 
central region of the placentome showing 
cross sections of cotyledonary villi as is- 
lands between thin septae of maternal ca- 
runcular tissue. Again, all the label from 
the ovPAG7 probe is confined to binucle- 
ate cells. The inset shows a similar section 
hybridized to an ovPAG3 cDNA but pho- 
tographed under dark-field illumination. 
Magnification is about twice that in the 
main figure. Silver grains appear white. 
CVT, cotyledonary villous tips; CV, cotyle- 
donary villi in cross section; S, carunuclar 
septae protruding between cotyledonary 
villi. Bars = 100 (un. 
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appear as islands separated by thin septa of maternal tissue 
[30, 31]. This restricted distribution of PAG mRNA appears 
identical to that observed for ovPAGl ([9] and unpublished 
results) and different from that shown by ovPAG2, whose 
expression is strongest in mononucleated cells [18]. 

DISCUSSION 

These data confirm earlier suspicions that the PAGs are 
the products of many genes [10, 21]. In our initial studies, 
we had observed that anti-ovPAGl antisera could recognize 
several molecules in medium from cultured trophoblast, 
these molecules ranging in apparent mass from 45 kDa to 
70 kDa; but we attributed much of the complexity to het- 
erogeneous processing of an initial single form [9]. As oth- 
er PAGs were discovered, this simplistic view had to be 
amended. Here, a combination of protein purification, mi- 
crosequencing, and cDNA cloning has provided evidence 
for at least 12 different ovPAGs at around Day 100 of preg- 
nancy in the ewe. The fact that several immunoreactive 
pools of protein from ion-exchange chromatography were 
not chosen for further analysis, and that only 25 of several 
hundred positive cDNA clones were sequenced, suggests 
that many more PAGs remain to be discovered. The fact 
that the PAGs recognized by the SBU-3 monoclonal anti- 
body [20] were all different from the ones reported here 
and from ovPAGl [9] and ovPAG2 [18] tends to confirm 
this likelihood. 

Even amino acid sequencing can underestimate PAG 
complexity. Here we described two distinct cDNA (Figs. 8 
and 9) each of which could have encoded one of the PAGs 
(ovPAG 65 ) that had been column purified (Fig. 7). In fact, 
ovPAG3 and ovPAG7, although expressed simultaneously 
and in the same binucleate cell type, have only 84% se- 
quence identity over their full lengths. Their similarities at 
their amino termini could have arisen by a recent gene- 
conversion event. 

These interpretations of the data are not meant to imply 
that posttranslational modifications do not also contribute 
to PAG heterogeneity. These molecules are glycosylated at 
asparagine residues and probably at serines and threonines 
as well [29]. Some, at least, are phosphorylated [29], and 
the loss of higher molecular weight forms during pulse- 
chase experiments suggests that proteolytic processing also 
occurs [9, 29]. 

Our data confirm that even an antiserum raised against 
a homogeneous PAG product binds several different PAGs 
on Western blots (Figs. 3 and 6). On the other hand, not 
all PAGs can be recognized on such blots by a single an- 
tiserum. Such antigenic variability is not surprising, as the 
molecules demonstrate a considerable range of sequence 
identities. Antisera may show rather more selectivity in 
screening of cDNA libraries than in blotting experiments. 
The anti-PAG antisera of Zoli et al. [1,23], for example, 
were remarkably specific for fusion proteins encoded by 
PAG1 inserts [9]. A second antiserum recognized boPAG2 
fusion proteins exclusively [11]. Conceivably, much of the 
antigenicity of the fully processed molecules is provided by 
carbohydrate, absent on bacterial fusion proteins. The work 
of Atkinson et al. [20] predicted that trophoblast binucleate 
cells, which synthesize many PAGs, express a structurally 
unusual carbohydrate antigen that is specifically recognized 
by the SBU-3 monoclonal antibody. 

The PAGs are clearly major secretory products of the 
ovine placenta, although their exact contribution cannot be 
easily assessed from our purification scheme because the 



starting solution was undoubtedly contaminated with serum 
leached from the tissue capillaries of the cotyledonary ex- 
plant cultures. Indeed, if the initial Blue Sepharose step was 
not included in the purification protocol, albumin contam- 
inated, to some extent at least, every subsequent protein 
pool (data not shown). Nevertheless, except for some ad- 
ditional albumin in pool D3, which had escaped entrapment 
on the Blue Sepharose, PAGs seemed to be the dominant 
components of the fractions pooled from the initial DEAE- 
cellulose column steps (Fig. 2) and subsequent fractionation 
(Fig. 4). 

None of the four ovPAGs examined had proteolytic ac- 
tivity when tested against denatured hemoglobin. One ex- 
planation is that, like^renin, they have narrow specificity. 
However, the lack of consensus peptide sequence in the 
catalytic centers of ovPAG3, ovPAG7, and several other 
PAGs identified earlier [12, 19, 21] strongly suggests that 
these particular molecules do not serve a proteolytic func- 
tion. Unfortunately there is little to indicate what actual 
roles these curious molecules might play [12, 32]. A region 
of propeptide, which in pepsinogens fits tightly into the 
substrate-binding cleft and prevents catalytic activity until 
it has been removed [33], has been excised from the PAGs, 
presumably by some active proteinase, by the time they 
have been purified. Although this processing is not uniform 
(see Fig. 7), the event seems not to be random. In three of 
the ovPAG group purified here, for example, proteolytic 
cleavage of the propeptide appears to be associated with a 
relatively conserved ISFiRG/DS sequence, where the ar- 
row indicates the site of peptide band cleavage (Fig. 7). 
Members of the SBU-3 group, on the other hand, are pro- 
cessed at a different site. 

Removal of the propeptide exposes the cleft formed be- 
tween the two lobes of the molecules [12] and might well 
provide the PAGs the ability to associate with peptides 
without hydrolyzing them [32]. It seems unlikely that the 
PAGs are mere biological curiosities, as they have been 
found in all hoofed animals so far examined and encompass 
an evolutionary distance that is probably greater than 80 
million years [12]. 
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Using a newly-developed and very sensitive enzyme-linked immunoassay tech- 
nique, we have measured circulating a 2 -PAG concentrations in 270 adults and 181 
children. In adults, levels increased with age in both sexes and were significantly 
higher in women in each age category studied. In contrast, there were no significant 
differences between the sexes in children and no changes with age between 1 and 14 
years. At puberty, a r PAG concentrations increased in girls and decreased in boys. 
The increase in girls is consistent with the known stimulatory effects of oes tr ogen on 
o 2 -PAG production. We discuss the possibility that androgens may have an analo- 
gous inhibitory effect in males. 



Pregnancy-associated alpha r glycoprotein (a r PAG) is a high molecular weight 
glycoprotein (molwt36000ty 

normal individuals [\\ Synthesis of o r PAG is stimulated by oe str ogen [23] and 
levels are markedly elevated in women taking oral contraceptives [4], in men 
undergoing stUboestrol therapy for the treatment of prostatic carcinoma [2] and 
during pregnancy (5J. The biological role of a 2 -PAG is unknown although it has 
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been shown to have inummosuppresave effects in vitro [6,7] and perhaps in vivo [8J. 
Increases in serum a r PAG concentrations have been described in a variety of 
diseas e sta t es iiK^ i dm^ m a li^r^ ^9,10], rhetunatojd arthritis [11] and psoriasis 
[121 l|Q!e^, r conf!^^^^^aye beep obtained in such studies which generally 
fafl to t«|e info account the age-<iep<:ndcnt increase in a 2 -PAG concentrations and 
the sjjgn ifi ca nj ly different mean levels in males and females in their selection of 

smtahfe control srauusIlL 

• '.. ^e^k^i^lf^mS^W^'^f^ •.•••:-'.-v.^ 

In oi^ toprcmde a basis for the study of disease conditions, we have used a 
new and very sensitive immunoassay to establish the normal range of a r PAG 
concentration ^ We have also measured circulating 

«i- PAQ concentrations in children and demonstrate striking changes in these levels 
in both sexes at puberty. 



Coating buffer IS mmol/1 sodium carbonate, 
35 mmol/1 sodium bicarbonate, 
pH 9.6; 200 mg/1 thiomersal 
Incubation medium PBS (0:15 mol/1 Nad, 10 mmol/1 
sodium phosphate buffer, pH 7.2X 
10 ug/1 bovine serum albumin (BSA), 
500/tl/lTween-20 
Washing solution PBS, 1 ml/1 Tween-20 

0.15 mol/1 citrate/phosphate buffer, 
pHS.0 

4mol/lH 2 S04 

Preparation of rabbit anti-human a r P AG 

New Zealand white rabbits were each injected intramuscularly (IM) with 50 fig of 
purified a r PAG (supplied by Dr. Hans Bohn, Behringwerke AG) emulsified in a 
Tuui y^WPe of 1 ml (1:1, PBS: Freund's complete adjuvant). After 4 wk, the 
animals were boosted with a further 1 ml of purified a r PAG (270 pg) delivered 
intravenously (0.4 ml) and IM (0.6 ml). One week later, the specificity and litre of 
antibody in a test bleed were established by iromunoelectrophoresis and immunodif- 

i obtained from these rabbits was then absorbed with normal male 
nm 8 < 100 »g a r PAGA and an immunoglobulin fraction prepared 
by chromatography on Sephacryl S300. Fractions containing anti-a r PAG activity 
were pooled, concentrated to the original sample volume of the column (6 ml) and 
stored in batches of 200 /» I at -20°C 

Tins serum gave reactions oi complete identity in double diffusion experiments 
with coiumerdally-available rabbit anti-human a r PAG antisera (Dako, Behring- 
werke AG) and was monospecific as assessed by immunodiffusion against electro- 
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phoreticafly-separated protons from late pregnancy scrum. It showed no cross-reac- 
tivity with the normal male serum used for absorption. 

Assay procedure {see Fig. 1) 

Coating Microetisa plates (Dynatech, M129A) were coated overnifht, at room 
temperature with 200 |il/well sheep anti-human a r PAG (Seward), diluted I :JPQ0 
in coating buffer (-25 mg protein/1). The wells were then aspirated and washed 
three times, prior to the addition of sample materiaL 

Antibody-antigen binding stages 

Each incubation described below was carried out at 25°C for 90 mm and was 
terminated by washing the plates three times. AO dilutions were carried cut using 
incubation medium. 200 jil/well of the following solutions were used: 
1st incubation suitable dilutions of sample material 

2nd incubation rabbit anti-human « r PAG (IgG fraction) at a dilution of 1 : 2 500 
( — 10 mg protein/1) 

3rd incubation goat anti-rabbit IgG (whole molecule) peroxidase conjugate 
(Sigma) at a dilution of 1 : 7000. 

Peroxidase reaction 

Hydrogen peroxide (0.3 g/1) and o-phenylenediamine (10 mmol/1) were mixed 
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wiljh diranogm buffer immediately before use and 200 pi of this substrate solution 
added to cach^welL The r^^ 

dark at room temperature and stopped by the addition of 50 /il of 4 mol/1 HjS0 4 . 

T>e fjca| absorbance was measured speetrophotometricahy at 486 iun iising a 
ICootroQ SLT 210 Automatic Analyser. A standard curve of samples containing 
3-JQOO j*g a r PAG/l was prepared by dilution of standard sera provided by 
B OjtPfWUke AG and included in each assay. The concentration of « r PAG in the 
MflipJeA' .was de ter nune d directly from this curve. - 

Blood samples 

Adults Plasma was prepared from venous blood samples collected into potas- 
sium/EDTA to prevent coagulation. Dor.ors, all of whom were apparently healthy, 
indoded medical and laboratory staff, medical and nursing students and individuals 
attending clinics at Aberdeen Royal Infirmary (ARI) for routine medical examina- 
tions. A total of 270 suitable samples were selected and collated by the Department 
of Haematology, ARI; women who were either pregnant or taking oral contracep- 
tives were excluded from the study. 

Children A total of 181 routine serum samples from the Royal Aberdeen 
Children's Hospital were collected by the Department of Chemical Pathology, ARI. 
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In this case no attempt was made to collect a 'normal range' and only the age and 
sex of the children were determined. A smaller 'control'' group of 40 serum samples 
from epileptic children who woe thought to be otherwise healthy was 
These blood samples had been sent to the Department of €hemical Pathology for 
measurement of anti-cp3eptic drug levels. 

All serum and plasma samples were stored at -20°C prior to assay. 



Statistical analysis 

The distribution of o 2 -PAG 
marked positive skew. In order to give comparable levels of 



groups, logarithmic transformation of the results was therefore carried out prior to 
statistical analysis the unpaired Student's t test. 

The data was also analysed, without transformation, using a Mann-Whitney rank 
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(. 3. Effect of age on aj-PAG concentrations in adults: 
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sum test and the same comparisons were found to be statistically significant 
(/»< 0j05) by both methods. 

For case of presentation, each mean and sd shown in Figs. 2-4 was derived from 



Assay precision and sensitivity . . 

Sampjks for precision studies were prepared by making three dilutions of a serum 
pool which had been standardised using enzyme immunoassay kits (Enzygnost-SP 3 ). 
These were gifted by Behringwoke AG but are no longer available Within-assay 
coe/CcienU of variation (CV) were determined by measuring each of these dilutions 
80 times in a single assay. Between assay variation was determined by measuring 
each dilution in assays performed on several different days. The results are shown in 
Table I. 

The sensitivity of the assay was3pg/l(i.e. theabsorbanceof a sample containing 
3 «g a r PAO/l was always greater than the mean absorbance value for incubation 
medhtm alone +2 so). The lowest concentration of a r PAG in any of the samples 
tested was 8 «g/L 

a r PAG in scrum and plasma 

Venous blood samples were collected fr i 10 healthy donors and serum and 
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TABLE 1 

CV vahm obtail»H by t~*™B '""♦"^'f "* « «*»"<<<»Tri ««nim in the may qrHem («ee 'Amy P wridnw mi d 
Sensilmt/) 



Sanq 


plena 


(a r PAG) 
•n.g/1' 


CV within assay 
(%)/.- 80 


CVbe^eoassqr 
(*) 


1 




105 


6J 


11.6 (« -10) 


2 




100 


4.3 


&*(««4Q) 


3 




250 


5.9 


1U(R -10) 



* Concentration tfdilulcd ten dispt^^ 



plasma were prepared from each sample. Alpha r PAG concentrations were mea- 
sured in fresh samples and in samples which had been stored at -20°C. No 
significant differences were detected either between fresh and frozen samples or 
between serum and plasma. The protein is therefoteunaffectedbyfieezmg and valid 
comparisons can be made between concentrations in sera (children's samples) and 
plasma (adults' samples). 

a 2 -PAG in children 

a r ?AG was measured in sera collected from 88 girls and 93 boys, grouped into a 
total of eight categories according to age and gender. A minimum of 20 samples was 
collected in each category, the results are shown in Fig. 2. No sig n ific a n t changes in 
o 2 -PAG concentrations occurred in either sex between the ages of 1 and 14 yr and 
there were no significant differences at any stage between boys and girls. 

a 2 -PAG concentrations in a control group of otherwise normal epileptic children 
did not differ significantly from those in the larger study group which involved 
hospital inpatients. 

a 2 -PAG in adults 

02-PAG was measured in plasma collected from 270 normal adults (1?9 females, 
141 males) grouped into 12 categories according to age and gender. A rmnimum of 
20 samples was collected in each category. 

The results are shown in Fig. 3. a r PAG concentrations increased with age in 
both sexes and were significantly higher in women in each age group. 

a r PAG in children and aduhs 

Serum «>PAG concentrations in children between the ages of 1 and 14 are also 
shown in Fig. 3 for comparison with the adult measurements. As stated previously, 
there was no significant difference between the sexes to this gTOup. Beyc^ to 
of 14, however, the differences between males and females in each age category were 
highly significant (/>< 0.001). There was also a significant increase in a,-PAG 
concentrations in girU between the ages of 12-14 and 15-19 (p < 0.05). In boys, 
however, there was a significant decrease between these age categories (p <0.01). 
The statistically significant differences between boys of 1 to 14 yr and adult males 
are shown in Fig. 4. 
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The assay procedure described here is simple to perform and can be carried out 
conv^giei^in^a woriung ti?y tt plates are coated overnight. In addition to having 
all t^recognjsed s*^^ an EUSA system (reviewed by Schuurs and Van 
Wcemen, 1977) this p artic u lar 'expanded? assay requires very low concentrations of 
reagents and' is therefore mexrxnsive to carry out The sensitivity obtained for the 
detection of * r fAG (3>g/l) is substantially greater than that achieved by other 
methods in c luding radioimmunoassay (50 ngA [14]). The procedure is also ex- 
tremely flexible, eig. when results are required quickly we have successfully measured 
« r PAG concentrations in 2 h by reducing incubation times to 30 min and using the 
pcroxidaWcoinnigate at ftd^ sensitivity (at least as low as 1 

|lg/ly can also be achieved by ^ conjugate concentration and, by this 

method, we have measured the very low levels of « r PAG in sweat, urine, saliva, 
lachrymal secretions and seminal fluid. However, a r PAG can be quantified in all 
scrum samples using, the standard procedure. 

The;treBds > in a^PAG concentrations in adults observed here (Fig. 3) are very 
sii!#£ Jo tj£p|& Le. levels increase with age in both sexes 

arid are consistently signifkantry higher in women. 

Wl^; considering cw^ s in children's sera, certain reservations 

must be expressed; especialfy when coinparing the results obtained with our normal 
adult data: For ethical reasons, we could not obtain blood samples from a large * 
ggpn$c£heati^ drawn from in-patients of 

the Ro^ Aberdeen Children's HospitaL No attempt was made to exclude patients 
suffering from particular disorders since the results of studies measuring the effects 
of disease on a r PAG concentrations are equivocal. For example, although certain 
ts report increases in a r PAG in malignant disease [2,9,10], others find no 
e [13,16V We believe that the trends described here do not differ markedly 



Idren were very similar. Epileptic children 
intone treatment were excluded from the 'control* group since 
prjenob^toi^has been shown to affect IgA levels [17] and a r PAG is known to be 
syndicated by IgA^mkbcing plasma cells [18]. 

As illustrated in Fig. 2, we found no significant difference in serum a r PAG 
concentrations in boys and girls between the ages of 1-14 yr and no increase with 
age during tab time. The first statistically significant increase occurs in girls between 
the age groups 12-14 and 15-19. This result would be expected on the basis of the 
known stimulatory effects of oestrogen on a r PAG synthesis [2^J. In males we 
found a significant decrease in a r PAG levels between childhood and young 
adulthood (Fig. 4), suggesting that androgens may have an inhibftory effect on 
synthesis of this protein in man. 

In this context it is interesting to note that testosterone appears to inhibit 
synthesis of the putative murine analogues of oyPAG, namely PAMP-1 [19] and 
a r PAP[20J. If this is also true in man, then the rise in a r PAO concentraUons which 
°ccur» in males over fifty yean of age may be attributable to alleviation of 
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testosterone inhibition since the concentration of biologically active tcstosten 
the circulation starts the fall at this age, becoming mii^ by the of 70 [211- 

It is interesting to speculate, that the continued rise ia^ajrfAQle^^B^' 
menopaiisal womep W ^cpsse^ 

this effect since androgenic steroids have been shown to fall to very low levels in 
women over fifty years of age 121]. 

It would appear therefore that a r PAG synthesis may be stimulated by oestrogen 
and inhiUted by androgens and dearly tb^ 
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